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[57] ABSTRACT 
A multifunctional‘ viscosity index irnprover for lubricat 
ing oils comprising reaction product of: 

(i) (a) degraded ethylene-alpha-ole?n copolymer ob 
tained by degrading undegraded copolymer of 
ethylene and at least one other alpha-ole?n mono 
mer, said undegraded copolymer comprising intra 
molecularly heterogeneous copolymer chain con 
taining at least one crystallizable segment of meth 
ylene units and at least one low crystallinity ethy 
lene-alpha-olei'm copolymer segment, wherein said 
at least one crystallizable segment comprises at 
least about 10 weight percent of said copolymer 
chain and contains at least about 57 weight percent 
of said copolymer chain and contains at least about 
57 weight percent ethylene, wherein said low crys 
tallinity segment contains not greater than about 53 
weight percent ethylene, and wherein said copoly 
mer has a molecular weight distribution character 
ized by at least one of a ratio of Mw/Mn of less than 
2 and a ratio of Mz/Mw of less than 1.8 and wherein _ 
at least two portions of an individual intramolecu 
larly heterogeneous chain, each portion compris 
ing at least 5 weight percent of ‘said chain, differ in 
composition from one another by at least 7 weight 
percent ethylene; said degraded copolymer grafted 
with (b) ethylenically monounsaturated carboxylic 
acid material having 1 to 2 carboxylic acid groups 
or anhydride group to form grafted degraded eth 
ylene copolymer; and 

(ii) at least one polyamine containing one primary 
amino group and at least one tertiary amino group. 

46 Claims, No Drawings 
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MULTIFUNCI‘IONAL VISCOSITY INDEX 
IMPROVER DERIVED FROM POLYAMINE 

CONTAINING ONE PRIMARY AMINE GROUP 
AND AT LEAST ONE TERTIARY AMINE GROUP 
AND DEGRADED ETHYLENE COPOLYMER 

This application is a 37 CF. R. 1.62 continuation of 
U.S. Ser. No. 420,186, now abandoned, which was ?led 
Oct. 12, 1989, now abandoned. 

FIELD OF THE INVENTION 

The present invention relates to nitrogen containing 
grafted degraded ethylene copolymers useful as multi 
functional viscosity index (V.I.) improver additives, 
e.g., viscosity index improvers-dispersants, for oleagi 
nous compositions, particularly fuel oils and lubricating 
oils, methods for preparing said nitrogen containing 
grafted degraded ethylene copolymers, and to oleagi 
nous compositions containing these nitrogen containing 
grafted degraded ethylene copolymers. More specifi 
cally the instant invention relates to nitrogen containing 
grafted ethylene copolymers comprising molecular 
weight degraded copolymers of ethylene and at least 
one other alpha~ole?n, said degraded copolymers being 
obtained by degrading ethylene-alpha-ole?n copoly 
mers comprised of segmented copolymer chains with 
compositions which are intramolecularly heteroge 
neous and intermolecularly homogeneous, grafted with 
ethylenically unsaturated carboxylic acid material and 
reacted with polyamine containing one primary amine 
group and at least one tertiary amine group. The com 
positions of matter of the instant invention provide 
oleaginous compositions, particularly lubricating oil 
compositions, exhibiting improved low temperature 
viscometric properties compared to oleaginous compo 
sitions containing conventional nitrogen containing 
grafted ethylene-alpha-ole?n copolymers. 

BACKGROUND OF THE INVENTION 

It is known that the viscosity index of an oleaginous 
composition such as lubricating oil can be increased or 
improved by incorporating therein certain polymeric 
materials which function as viscosity index improvers. 
Known viscosity index improvers include polyisobu 
tene and copolymers of ethylene and other hydrocar 
bon ole?ns. It is also known that these viscosity index 
improvers can be grafted with grafting materials such 
as, for example, maleic anhydride and the grafted mate 
rial then reacted with a polyamne or polyol to form 
multifunctional viscosity index improvers. 

Generally, the polymeric materials useful as viscosity 
index improvers are those having number average mo 
lecular weights of from about 15,000 to about 250,000, 
preferably from about 20,000 to about 150,000. How 
ever, some of such polymers having this molecular 
weight range are dif?cult to process, isolate and handle, 
or are relatively more expensive to produce than their 
higher molecular weight homologs. Therefore, with 
such polymers it is generally easier and more economi 
cal to form their higher molecular weight homologs, for 
example those having number average molecular 
weights of from about 30,000 to about 500,000, and then 
to degrade these high molecular weight polymers to the 
desired molecular weight. 

It is known that ole?n and di-ole?n homopolymers 
and ethylene-a-ole?n copolymers may be degraded, 
thereby reducing the molecular weight thereof. Such 
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2 
degradation is known to be accomplished, for example, 
by shear assisted oxidation of the polymers and copoly 
mers in air in a mechanical mixer, such as in an extruder, 
masticator, Banbury mixer, rubber mill, or the like, and 
by heating the polymers and copolymers, sometimes in 
the presence of air. one such degradation process, 
which is described in U.S. Pat. No. 3,313,793, involves 
(a) the formation of a solution of a conjugated diene 
polymer, (b) combining therewith a peroxide and a 
copper source such as copper, a copper halide or a 
copper carboxylate, (c) heating the resulting mixture in 
the substantial absence of oxygen, and (d) recovering a 
diene polymer product having a substantially reduced 
average molecular weight. 

U.S. Pat. No. 3,332,926 relates to the thermal degra 
dation of polyole?ns, including ethylene-propylene 
copolymers, to produce relatively low molecular 
weight polymers which are useful, for example, as wax 
substitutes, blending agents, coating compositions and, 
in general, in ?elds where hydrocarbon resins and 
waxes ?nd utility. The process described in that patent 
comprises mixing a crystalline starting polymer with 
from 0.075% to 10% by weight of a metal salt of car 
boxylic acid and heating the mixture in an atmosphere 
which is substantially free from oxygen to a tempera 
ture of about 275" C. to 450° C., until a substantial re 
duction in the molecular weight of the polymer takes 
place. _ 

U.S. Pat. No. 3,316,177 discloses a functional ?uid 
containing a sludge inhibiting detergent comprising the 
polyamine salts of the reaction product of the maleic 
anhydride and an oxidized interpolymer of propylene 
and ethylene. The interpolymers from which the oxi 
dized, degraded interpolymers are derived usually have 
molecular weights of at least about 50,000. The inter 
polymers are oxidized and degraded by heating them at 
a temperature of at least about 100° C. in the presence of 
oxygen or air. Such degradation usually is characterized 
by a substantial reduction of the molecular weight of 
the interpolymer. 

U.S. Pat. No. 3,345,352 relates to a catalytic process 
for the thermal degradation of the polyole?ns, includ 
ing copolymers of ethylene and propylene. The degra 
dation process involves heating a mixture of a crystal 
line polyolefrn and an oxide or carbonate of an alkali 
metal, alkaline earth metal, or certain selected transition 
metals such as copper, iron, titanium, vanadium, etc. in 
an atmosphere substantially free of oxygen to a temper 
ature of from 275° C. to 450° C. for a minimum time 
period of at least ?ve minutes. 

U.S. Pat. No. 3,687,849 relates to lubricants contain 
ing oil-soluble graft polymers derived from degraded 
ethylene-propylene interpolymers. The interpolymers 
from which the degraded polymers are derived usually 
have a molecular weight of about 50,000—800,000, and 
the degraded interpolymers are prepared by heating the 
interpolymer, or a ?uid solution of such interpolymer, 
in an inert solvent, at a temperature of at least about 
140° C. in the presence of oxygen or air. The degrada 
tion of the interpolymer is characterized by a substantial 
reduction of its molecular weight. A similar disclosure 
is set forth in U.S. Pat. No. 3,687,905. 

U.S. Pat. No. 3,769,216 relates to polymers which are 
produced by reacting a primary or secondary amine and 
a mechanically degraded, oxidized atactic ethylene 
propylene copolymer, and to automotive lubricating 
oils containing such polymers as antivarnish additives. 
The ethylene propylene copolymer is mechanically 
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degraded in the presence of oxygen and in the absence 
of any solvent in a closed vessel equipped with shearing 
blades. A typical apparatus of this type is described as a 
device containing counter-rotating helical blades and 
known as a “Brabender Torque Rheometer.” 

U.S. Pat. No. 4,089,794 discloses ethylene copoly 
mers derived from about 2 to 98 wt % ethylene, and one 
or more C3 to C23 a-olefms, for example ethylenepro 
pylene, which are solution-grafted with an ethylenically 
unsaturated carboxylic acid material, and thereafter 
reacted with a polyfunctional material reactive with 
carboxyl groups. The resulting polymers are useful as 
dispersant additives for lubricating oils and hydrocar 
bon fuels, and as multifunctional viscosity index im 
provers if their molecular weight is above 10,000. 

U.S. Pat. No. 4,113,636 discloses the mechanical deg 
radation at elevated temperatures, and in the presence 
of air or oxygen-containing gas, of copolymers compris 
ing about 68 to 80 mole % ethylene and one or more 
C3-C3 a-olefms to form an oxygenated-degraded poly 
mer which is then reacted with an amine compound. 
The resulting aminated polymers are useful as viscosity 
index improving additives. 

U.S. Pat. Nos. 4,074,033 and 4,201,732 relate to a 
process for improving the processability for high mo 
lecular weight neoprene polymers. The process com 
prises treating a solution of the polymers in an organic 
solvent with an organic peroxide, in the presence of 
oxygen, to reduce the molecular weight of the neoprene 
and to lower the viscosity of the solution. The process 
may be conducted at room temperature with or without 
agitation, and an accelerator such as a cobalt salt or 
other transition metal salt may be employed. 
The concept of grafting high molecular weight ethyl 

ene and a-ole?n copolymers, either degraded or unde 
graded, with acid moieties such as maleic anhydride, 
followed by reaction with an amine to form a composi 
tion useful as a multifunctional viscosity index im 
prover, e.g., viscosity index irnprover-dispersant, oil 
additive is also known and in addition to being disclosed 
in some of the aforediscussed patents is also disclosed, 
inter alia, in the following disclosures: 

U.S. Pat. No. 3,316,177 teaches ethylene copolymers 
such as ethylene-propylene, or ethylene-propylene 
diene, which are heated to elevated temperatures in the 
presence of oxygen so as to oxidize the polymer and 
cause its reaction with maleic anhydride which is pres 
ent during the oxidation. The resulting polymer can 
then be reacted with alkylene polyamines. 

U.S. Pat. No. 3,326,804 teaches reacting ethylene 
copolymers with oxygen or ozone, to form a hy 
droperoxidized polymer, which is grafted with maleic 
anhydride followed by reaction with polyalkylene poly 
amines. 

U.S. Pat. No. 4,089,794 teaches grafting the ethylene 
copolymer with maleic anhydride using peroxide in a 
lubricating oil solution, wherein the grafting is prefera 
bly carried out under nitrogen, followed by reaction 
with polyamine. 

U.S. Pat. No. 4,137,185 teaches reacting C1 to C30 
mono carboxylic acid anhydrides, and dicarboxylic 
anhydrides, such as acetic anhydride, succinic anhy 
dride, etc. with an ethylene copolymer reacted with 

' maleic anhydride and a polyalkylene polyamine to in 
hibit cross linking and viscosity increase due to further 
reaction of any primary amine groups which were ini 
tially unreacted. 
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U.S. Pat. No. 4,144,181 is similar to 4,137,185 in that p 

it teaches using a sulfonic acid to inactivate the remain 
ing primary amine groups when a maleic anhydride 
grafted ethylene-propylene copolymer is reacted with a 
polyamine. 

U.S. Pat. No.v 4,169,063 reacts an ethylene copolymer 
in the absence of oxygen and chlorine at temperatures 
of 150° to 250° C. with maleic anhydride followed by 
reaction with polyamine. 
A number of prior disclosures teach avoiding the use 

of polyamine having two primary amine groups to 
thereby reduce cross-linking problems which become 
more of a problem as the number of amine moieties 
added to the polymer molecule is increased in order to 
increase dispersancy. 
German Published Application No. P30252745 

teaches an ethylene copolymer reacted with maleic 
anhydride in oil using a long chain alkyl hetero or oxy 
gen containing amine. 

U.S. Pat. No. 4,132,661 grafts ethylene copolymer, 
using peroxide and/or air blowing, with maleic anhy 
dride and then reacts with primary-tertiary diarnine. 

U.S. Pat. No. 4,160,739 teaches an ethylene copoly 
mer which is grafted, using a free radical technique, 
with alternating maleic anhydride and a second poly 
merizable monomer such as methacrylic acid, which 
materials are reacted with an amine having a single 
primary, or a single secondary, amine group. 

U.S. Pat. No. 4,171,273 reacts an ethylene copolymer 
with maleic anhydride in the presence of a free radical 
initiator and then with mixtures of C4 to C12 n-alcohol 
and amine such as N-arninopropylmorpholine or di 
methylamino propyl amine to form a V.I.-dispersant 
pour depressant additive. 

U.S. Pat. No. 4,219,432 teaches maleic anhydride 
grafted ethylene copolymer reacted with a mixture of 
an amine having only one primary group together with 
a second amine having two or more primary groups. 
German published application No. 27535699 shows 

an ethylene copolymer reacted with maleic anhydride 
by a free-radical technique and then reacted with an 
amine having a single primary group. 
German published application No. 2845288 grafts 

maleic anhydride on an ethylene-propylene copolymer 
by thermal grafting at high temperatures and then re 
acts with amine having one primary group. 

French published application No. 2423530 grafts ma 
_ leic anhydride on an ethylene-propylene copolymer 
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with maleic anhydride at 150° to 210° C. followed by 
reaction with an amine having one primary or second 
ary group. 
The early patents such as US. Pat. Nos. 3,316,177 

and 3,326,804 taught the general concept of grafting an 
ethylene-propylene copolymer with maleic anhydride 
and then reacting with a polyalkylene polyamine such 
as polyethylene amines. Subsequently, U.S. Pat. No. 
4,089,794 was directed to using an oil solution for free 
radical peroxide grafting the ethylene copolymer with 
maleic anhydride and then reaction with the polyamine. 
This concept had the advantage that by using oil, the 
entire reaction could be carried out in an oil solution to 
form an oil concentrate, which is the commercial form 
in which such additives are sold. This was an advantage 
over using a volatile solvent for the reactions, which 
has to be subsequently removed and replaced by oil to 
form a concentrate. Subsequently, in operating at 
higher polyamine levels in order to further increase the 
dispersing effect, increased problems occurred with the 
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unreacted amine groups cross-linking and thereby caus 
ing viscosity increase of the oil concentrate during stor 
age and subsequent formation of haze and in some in 
stances gelling. Even though one or more moles of the 
ethylene polyamine was used per mole of maleic anhy 
dride during imide formation, cross-linking became 
more of a problem as the nitrogen content of the poly 
mers was increased. One solution was to use the poly 
amines and then to react the remaining primary amino 
groups with an acid anhydride, preferably acetic anhy 
dride, of U5. Pat. No. 4,137,185 or the sulfonic acid of 
US. Pat. No. 4,144,181. The cross-linking problem 
could also be minimized by avoidance of the ethylene 
polyamines and instead using amines having one pri 
mary group which would react with the maleic anhy 
dride while the other amino groups would be tertiary 
groups which were substantially unreactive. Patents or 
published applications showing the use of such primary 
tertiary amines noted above are US. Pat. No. 4,219,432, 
wherein a part of the polyamine was replaced with a 
primary-tertiary amine; U.S. Pat. No. 4,132,661; US. 
Pat. No. 4,160,739; U.S. Pat. No. 4,171,273; German 
No. P27535699; German No. 2,845,288; and French 
No. 2,423,530. 
US. Pat. No. 4,516,104 and 4,632,769 represented a 

further improvement over the art in that they permitted 
the utilization of the generally less expensive poly 
amines having two primary amine groups, while achiev 
ing good dispersancy levels, inhibiting cross-linking and 
allowing initiator, e.g., peroxide, grafting in oil. 
US Pat. No. 4,517,104 discloses polymeric viscosity 

index (V.I.) improver-dispersant additives for petro 
leum oils particularly lubricating oils, comprising a 
copolymer of ethylene with one or more C3 to C23 
a-olefms, preferably propylene, which have been 
grafted with acid moieties,, e.g., maleic anhydride, pref 
erably using a free radical initiator in a solvent, prefera 
bly lubricating oil, and then reacted with a mixture of a 
carboxylic acid component, preferably an alkyl succinic 
anhydride, and a polyamine having two or more pri 
mary amine groups. Or the grafted polymer may be 
reacted with said acid component prereacted with said 
polyamine to form salts, amides, imides, etc. and then 
reacted with said grafted ole?n polymer. These reac 
tions can permit the incorporation of varnish inhibition 
and dispersancy into the ethylene copolymer while 
inhibiting cross-linking or gelling. 
US. Pat. No. 4,632,769 discloses oil soluble viscosity 

improving ethylene copolymers such as copolymers of 
ethylene and propylene, reacted or grafted with ethyl 
enically unsaturated carboxylic acid moieties, prefera 
bly maleic anhydride moieties, and then reacted with 
polyamines having two or more primary amine groups 
and a C22 to C23 ole?n carboxylic acid component, 
preferably alkylene polyamine and alkenyl succinic 
anhydride, respectively. These reactions can permit the 
incorporation of varnish inhibition and dispersancy into 
the ethylene copolymer while inhibiting cross-linking 
or gelling. 
There is, however, a need to provide multifunctional 

viscosity index (V .1.) improver additives which when 
added to oleaginous compositions such as lubricating oil 
compositions provide oil compositions which exhibit 
improved or better low temperature viscometric prop 
erties. 
The problem of providing V.I. improving oil addi 

tives capable of providing oleaginous compositions 
exhibiting improved low temperature viscometric prop~ 
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6 
erties is addressed in US. Pat. No. 4,804,794 which 
discloses segmented copolymers of ethylene and at least 
one other a-olefin monomer, each copolymer being 
intramolecularly heterogeneous and intermolecularly 
homogeneous and at least one segment of the copoly 
mer, constituting at least 10% of the copolymer’s chain, 
being a crystallizable segment. These copolymers are 
disclosed as exhibiting good mechanical properties such 
as good shear stability and as being useful V.I. improv 
ers which provide lubricating oils having highly desir 
able viscosity and pumpability properties at low tem 
peratures. However, these copolymers are disclosed as 
being V.I. improvers, and there is no disclosure of graft 
ing said copolymers with an ethylenically unsaturated 
grafting material or of grafting said copolymers and 
then reacting the grafted copolymers with a polyamine 
to produce a composition useful as a multifunctional 
viscosity index improver for oleaginous composition. 
Nor is there any disclosure in this patent of degrading 
these copolymers to reduce their molecular weight. It 
was heretofore generally believed that degrading these 
copolymers to obtain copolymers of lower molecular 
weight would generally adversely affect, i.e., broaden, 
their narrow molecular weight distribution and affect 
their intramolecular heterogeneity and intermolecular 
homogeneity. This, it was believed, would have a con 
comitant deleterious affect upon their ability to provide 
oil compositions exhibiting improved low temperature 
viscometric properties. It was further generally be 
lieved that these ethylene copolymers could not be 
grafted with conventional ethylenically unsaturated 
grafting materials or grafted with said grafting materials 
and thereafter reacted with a polyamine to form a multi 
functional viscosity index improver without deleteri 
ously or adversely affecting, i.e., broadening, their nar 
row molecular weight distribution (MWD) and affect 
ing their intermolecular homogeneity and intramolecu 
lar homogeneity, thereby deleteriously and adversely 
affecting their property of providing oil compositions 
exhibiting improved low temperature viscometric prop 
erties. Indeed, degrading these copolymers to reduce 
their molecular weights broadens their narrow molecu 
lar weight distribution and affects their intramolecular 
heterogeneity and intermolecular homogeneity. How 
ever, it has surprisingly and unexpectedly been discov 
ered that these degraded copolymers grafted with a 
grafting material such as carboxylic acid or anhydride 
and thereafter reacted with polyamines containing one 
primary amine group and at least one tertiary amine 
group when added to oleaginous compositions provide 
oleaginous compositions exhibiting better low tempera 
ture viscometric properties than oleaginous composi 
tions containing conventional non-narrow MWD ethy 
lene-a-ole?n copolymers, either degraded or unde 
graded, grafted with grafting materials such as carbox 
ylic acid or anhydride and thereafter reacted with poly 
amine containing one primary amine group and at least 
one tertiary amine group. 

SUMMARY OF THE INVENTION 

The present invention is directed to oil soluble nitro 
gen containing grafted degraded ethylene copolymers 
useful as multifunctional viscosity index improvers or 
modifiers, e.g., as V.I. improver-dispersant additives, in 
oleaginous compositions. The nitrogen containing 
grafted degraded ethylene copolymers of the instant 
invention provide oleaginous compositions, in particu 
lar lubricating oil compositions, exhibiting improved 
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viscometric properties, particularly highly desirable 
viscosity properties at low temperatures, and disper 
sancy characteristics. 
The degraded in molecular weight ethylene copoly 

mers of the instant invention are grafted with an ethyl 
enically unsaturated, preferably monounsaturated car 
boxylic acid grafting material and the grafted degraded 
ethylene copolymers are then reacted with at least one 
polyamine containing one primary amine group and one 
or more tertiary amine groups. 
The undegraded ethylene copolymers which are, in 

accordance with the present invention, degraded and 
grafted and thereafter reacted with the polyamine con 
taining one primary amine group and one or more ter 
tiary amine groups are disclosed in U.S. Pat. No. 
4,804,794, which is incorporated herein by reference. 
These undegraded copolymers are segmented copoly 
mers of ethylene and at least one other alpha-ole?n 
monomer; each copolymer is intramolecularly hetero 
geneous and intermolecularly homogeneous and at least 
one segment of the copolymer, constituting at least 10% 
of the copolymer’s chain, is a crystallizable segment. 
For the purposes of this application, the term “crystal 
lizable segment” is de?ned to be each segment of the 
copolymer chain having a number-average molecular 
weight of at least 700 wherein the ethylene content is at 
least 57 wt. %. The remaining segments of the copoly 
mer chain are herein termed the “low crystallinity seg 
ments” and are characterized by an average ethylene 
content of not greater than about 53 wt %. Further 
more, the molecular weight distribution (MWD) of 
copolymer is very narrow. It is well known that the 
breadth of the molecular weight distribution can be 
characterized by the ratios of various molecular weight 
averages. For example, an indication of a narrow MWD 
in accordance with the present invention is that the 
ra_ti0 of weight to number-average molecular weight 
(MW/?n) is less than 2. Alternatively, a ratio of the 
z-average molecularlveight to the weight-average mo 
lecular weight (Mg/MW) of less than 1.8 typi?es a nar 
row MWD in accordance with the present invention. It 
is known that a portion of the property advantages of 
copolymers in accordance with the present invention 
are related to these ratios. Small weight fractions of 
material can disproportionately in?uence these ratios 
while not signi?cantly altering the property advantages 
which depend on them. For instance, the presence of a 
small weight fraction (e.g. 2%) of low molecular weight 
copolymer can depress H,,,_and thereby raise Hui/?n 
above 2 while maintaining Mz/?w less than 1.8. There 
fore, the copolymer reactants, which are to be degraded 
in accordance with the present in_vention, are character 
ized by having at least one of Mw/Ivln less than 2 and 
?z/?wless than 1.8. The copolymer reactant comprises 
chains within which the ratio of the monomers varies 
along the chain length. To obtain the intramolecular 
compositional heterogeneity and narrow MWD, the 
ethylene copolymer reactants are preferably made in a 
tubular reactor. 

DETAILED DESCRIPTION OF THE 
INVENTION 

In accordance with the instant invention there are 
provided nitrogen containing polymeric materials use 
ful as multifunctional viscosity index improvers, partic 
ularly viscosity index improver-dispersant additives, for 
oleaginous materials, particularly lubricating oils, 
which are comprised of certain speci?c types of de 
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graded ethylene and alpha-ole?n copolymers grafted 
with ethylenically unsaturated, preferably monounsatu 
rated, carboxylic acid material to form grafted de 
graded ethylene copolymers, and said grafted degraded 
ethylene copolymers are reacted with polyamine con 
taining one primary amine group and at least one (i.e., 
one or more) tertiary amine groups. 
More particularly these polymeric materials are com 

prised of the reaction products of: 
(i) molecular weight degraded copolymer obtained 
by degrading undegraded copolymer of ethylene 
and at least one other alpha-ole?n monomer, said 
undegraded copolymer comprising intramolecu 
larly heterogeneous and intermolecularly homoge 
neous copolymer chains containing at least one 
crystallizable segment of methylene units and at 
least one low crystallinity ethylene-alpha-ole?n 
copolymer segment, wherein said at least one- crys 
tallizable segment comprises at least about 10 
weight percent of said copolymer chain and con 
tains at least about 57 weight percent ethylene, 
wherein said low crystallinity segment contains not 
greater than about 53 weight percent ethylene, and 
wherein said copolymer has a molecular weight 
distribution characterized by at least one of a ratio 
of III-Wm" of less than 2 and a ratio of Mz/?w of 
less than 1.8, and wherein at least two portions of 
an individual intramolecularly heterogeneous 
chain, each portion comprising at least 5 weight 
percent of said chain, differ in composition from 
one another by at least 7 weight percent ethylene; 
said degraded copolymer grafted with ethyleni 
cally monounsaturated carboxylic acid material; 
and 

(ii) polyamine containing a single primary amine 
group and at least one tertiary amine group. 

When the nitrogen containing grafted degraded eth 
ylene copolymers of the instant invention are incorpo 
rated into oleaginous materials such as lubricating oils 
the resultant oleaginous compositions exhibit better low 
temperature viscometric properties than oleaginous 
compositions containing conventional nitrogen contain 
ing grafted ethylene copolymers. Furthermore, the 
nitrogen containing grafted degraded ethylene copoly 
mers of this invention function as dispersants in oleagi 
nous compositions and generally exhibit substantially 
similar or better dispersancy ef?cacy as conventional 

_ nitrogen containing grafted ethylene copolymers falling 

50 

55 

65 

outside the scope of the instant invention. 

ETHYLENE AND ALPHA-OLEFIN 
COPOLYMER 

The undegraded ethylene and alpha-ole?n copoly 
mers which are degraded to form the degraded ethy 
lene-a-ole?n copolymers which are grafted and then 
reacted with the polyamine containing one primary 
amine group and one or more tertiary amine groups to 
form the compositions of matter of the instant invention 
are copolymers of ethylene with at least one other al 
pha-ole?n comprised of segmented copolymer chains 
with compositions which are intramolecularly hetero 
geneous and intermolecularly homogeneous. These 
undegraded copolymers are described in U.S. Pat. No. 
4,804,794, incorporated by reference. 

For convenience, certain terms that are repeated 
throughout the present speci?cation are de?ned below: 

a. Inter-CD de?nes the compositional variation, in 
terms of ethylene content, among polymer chains. It is 
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expressed as the minimum deviation (analogous to a 
standard deviation) in terms of weight percent ethylene, 
from the average ethylene composition for a given co 
polymer sample needed to include a given weight per 
cent of the total copolymer sample, which is obtained 
by excluding equal weight fractions from both ends of 
the distribution. The deviation need not be symmetrical. 
When expressed as a single number, for example 15% 
Inter-CD, it shall mean the larger of the positive or 
negative deviations. For example, for a Gaussian com 
positional distribution, 95.5% of the polymer is within 
20 wt. % ethylene of the mean if the standard deviation 
is 10%. The Inter-CD for 95.5 wt. % of the polymer is 
20 wt. % ethylene for such a sample. 

b. lntra-CD is the compositional variation, in terms of 
ethylene, within a copolymer chain. It is expressed as 
the minimum difference in weight (wt. %) ethylene that 
exists between two portions of a single copolymer 
chain, each portion comprising at least 5 weight % of 
the chain. 

c. Molecular weight distribution (MWD) is a mea 
sure of the range of molecular weights within a given 
copolymer sample. It is characterized in terms of at least 
one of the ratios of?eight-average to number-average 
molecular weight, Mw/Mn,_and__z-average to weight 
average molecular weight, Mz/Mw, where: 

ZNiMF 

n = , and 

ZNiMP 
ZNiMF 

: 

wherein N,- is the number of molecules of molecular 
weight M,-. 

d. Viscosity Index (V .I.) is the ability of a lubricating 
oil to accommodate increases in temperature with a 
minimum decrease in viscosity. The greater this ability, 
the higher the V1. Viscosity Index is determined ac 
cording to ASTM D2270. 
The instant copolymers are segmented copolymers of 

ethylene and at least one other alpha-ole?n monomer 
wherein the copolymer’s chain contains at least one 
crystallizable segment of ethylene monomer units, as 
will be more completely described below, and at least 
one low crystallinity ethylene-alpha-ole?n copolymer 
segment, where in the low crystallinity copolymer seg 
ment is characterized in the unoriented bulk state after 
at least 24 hours annealing by a degree of crystallinity of 
less than about 0.2% at 23° C., and wherein the copoly 
mer’s chain is intramolecularly heterogeneous and in 
termolecularly homogeneous, and has an MWD charac 
t_e_rized by at least one of Mw/Mn of less than 2 and 
Mz/Mw of less than 1.8. The crystallizable segments 
comprise from about 10 to 90 wt. %, preferably from 
about 20 to 85 wt. %, of the total copolymer chain, and 
contain an average ethylene content which is at least 
about 57 wt. %, preferably at least about 62 wt. %, and 
more preferably at least about 63 wt. % and which is 
not greater than 95 wt. %, more preferably <85%, and 
most preferably <75 wt. % (e.g., from about 58 to 68 
wt. %). The low crystallinity copolymer segments com 
prise from about 90 to 10 wt. %, preferably from about 
80 to 15 wt. %, and more preferably from about 65 to 
3.5 wt. %, of the total copolymer chain, and contain an 
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10 
average ethylene content of from about 20 to 53 wt. %, 
preferably from about 30 to 50 wt. %, and more prefera 
bly from about 35 to 50 wt. %. The copolymers com 
prise intramolecularly heterogeneous chain segments 
wherein at least two portions of an individual intramo 
lecularly heterogeneous chain, each portion comprising 
at least 5 weight percent of the chain and having a 
molecular weight of at least 7000 contain at least 5 wt. 
% ethylene and differ in composition from one another 
by at least 5 weight percent ethylene, wherein the inter 
molecular compositional dispersity of the polymer is 
such that 95 wt. % of the polymer chains have a compo 
sition 15% or less different in ethylene from the average 
weight percent ethylene composition, and wherein the 
copolymer is characterized by at least one or a ratio of 
M w/Mn of less than 2 and a ratio of Mz/Mw of less than 
1.8. 
As described above, the copolymers will contain at 

least one crystallizable segment rich in methylene units 
(hereinafter called an “M” segment) and at least one 
low crystallinity ethylene-alpha~o1efm copolymer seg 
ment (hereinafter called a “T” segment). The copoly 
mers may be therefore illustrated by copolymers se 
lected from the group consisting of copolymer chain 
structures having the following segment sequences: 

T1—(M—T2)x, and (II) 

T1—(M1—”)y—1~42 (111) 

wherein M and T are de?ned above, M1 and M2 can be 
the same or different and are each M segments, T1 and 
T2 can be the same or different and are each T segments, 
x is an integer of from 1 to 3 and y is an integer of 1 to 
3. ' 

In structure II (x=l), the copolymer’s M segment is 
positioned between two T segments, and the M segment 
can be positioned substantially in the center of the poly 
mer chain (that is, the T1 and T2 segments can be sub 
stantially the same molecular weight and the sum of the 
molecular weight of the T1 and T2 segments can be 
substantially equal to the molecular weight of the M 
segment), although this is not essential to the practice of 
this invention. Preferably, the copolymer will contain 
only one M segment per chain. Therefore, structures I 
and II (x=l) are preferred. 

Preferably, the M segments and T segments of the 
copolymer are located along the copolymer chain so 
that only a limited number of the copolymer chains can 
associate before the steric problems associated with 
packing the low crystallinity T segments prevents fur 
ther agglomeration. Therefore, in a preferred embodi 
ment, the M segment is located near the center of the 
copolymer chain and only one M segment is in the 
chain. 
As will be shown below, a copolymer of the structure 

M‘—(T-—M2)= (Iv) 

(wherein M], M2 and T are as de?ned above, and 
wherein z is an integer of at least 1) are undesirable as 
viscosity modi?er polymers. It has been found that 
solutions of structure IV copolymers in oil tend to gel 
even when the M and T portions have exactly the same 
composition and molecular weight as structure 11 co 
polymers (with x=z=l). It is believed this poor viscos 
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ity modi?er performance is due to the inability of a 
center T segment to sterically stabilize against associa 
tion. 
The M segments of the copolymers of this invention 

12 
Chem, V. 58 (12/12/62): 18-42, wherein a p-xylene/ 
dimethylformamide solvent/nonsolvent was used to 
fractionate copolymer into fractions of differing inter 
molecular composition. Other solvent/nonsolvent sys 

compn'se ethylene and can also comprise at least one 5 tems can be used as hexane/2 propanol, as will be dis 
other alpha-ole?n, e.g., containing 3 to 18 carbon atoms. cussed in more detail below. 
The T segments comprise ethylene and at least one The Inter-CD of copolymer in accordance with the 
other alpha-ole?n, e.g., alpha-ole?ns containing 3 to 18 present invention is such that 95 wt. % of the copoly 
carbon atoms. The M and T segments can also comprise mer chains have an ethylene composition that differs 
other polymerizable monomers, e.g., non-conjugated 10 from the average weight percent ethylene composition 
dienes or cyclic mono-ole?ns. by 15 wt. % or less. The preferred Inter-CD is about 

Since the present invention is considered to be most 134 or less, with the most preferred being about 10% or 
preferred in the context of ethylene-propylene (EPM) less. In comparison, Junghanns et al. found that their 
copolymers it will be described in detail in the context tubular reactor copolymer had an Inter-CD of greater 
of EPM. . 15 than 15 wt. %. 
Copolymer (i)(a) in accordance with the present in- Broadly, the Intra-CD of copolymer in accordance 

vention is preferably made in a tubular reactor. When with the present invention is such that at least two por 
produced in a tubular reactor with monomer feed only tions of an individual intramolecularly heterogeneous 
at the tube inlet, it is known at the beginning of the chain, each portion comprising at least 5 weight percent 
tubular reactor, ethylene, due to its high reactivity , will 20 of the chain, differ in composition from one another by 
be preferentially polymerized. The concentration of at least 7 weight percent ethylene. Unless otherwise 
monomers in solution changes along the tube in favor of indicated, this property of Intra-CD as referred to 
propylene as the ethylene is depleted. The result, with herein is based upon at least two 5 weight percent por 
monomer feed only at the inlet, is copolymer chains tions of copolymer chain. The Intra-CD of copolymer 
which are higher in ethylene concentration in the chain 25 in accordance with the present invention can be such 
segments grown near the reactor inlet (as de?ned at the that at least two portions of copolymer chain differ by 
point at which the polymerization reaction com- at least 10 weight percent ethylene. Differences of at 
mences), and higher in propylene concentration in the least 20 weight percent, as well as, of at least 40 weight 
chain segments formed near the reactor outlet. These percent ethylene are also considered to be in accor 
copolymer chains are therefore tapered in composition. 30 dance with the present invention. 
An illustrative copolymer chain of ethylene-propylene The experimental procedure for determining Intra 
is schematically presented below with E representing CD is as follows. First the Inter-CD is established as 
ethylene constituents and P representing propylene described below, then the polymer chain is broken into 
constituents in the chain: fragments along its contour and the Inter-CD of the 

l 2 3 4 
Segment: E—E--E—E—P-E—E—E— P—P—E—-E—-P—P—P-E—P-—P—P—P 

As can be seen from this illustrative schematic chain, 
the far left-hand segment (1) thereof represents that 
portion of the chain formed at the reactor inlet where 40 . . . . 

the reaction mixture is proportionately richer in the fragmeilts ls determmed’ The dlfferenc? m tile two 
more reactive constituent ethylene. This segment com- {esults 15 due to lmra'cD as can be seen m the lnustra' 
prises four ethylene molecules and one propylene mole- nve exaimp 1e below‘ . . 
cule. However, as subsequent segments are formed Consider a heFerogeneolls Sample polymer cmltammg 
from left to right with the more reactive ethylene being 45 3O monomer umts' It conslsts of 3 molepules deslgnated 
depleted and the reaction mixture proportionately in- A’ B’ C‘ 
creasing in propylene concentration, the subsequent 
chain segments become more concentrated in Pl'Opy- A BEEEPEEEPEEEPPEEPPEPPPEPPPPPPP 
lene. The resulting chain is intramolecularly heteroge- B EEEEEPEEEPEEEPPEEEPPPEPPPEEPPP 
neous 50 c EEPEEEPEEEPEEEPEEEPPEEPPPEEPPP 
The property, of the copolymer discussed herein, 

related to intramolecular compositional dispersity Moieeule A is 36.3 wt_ % ethylene, Bis 465%’ and C 
(ccmpcshichal Yal'i?tich Within a chain) Shall be re‘ is 50% ethylene. The average ethylene content for the 
ferred to as lntra-CD, and that related to intermolecular mixture is 44.3%. Foi- this sample the iiitet_CD is such 
compositional dispcl'shy (compositional Variation be‘ 55 that the highest ethylene polymer contains 5.7% more 
twcch chains) Shah bc referred to as ImcT-CD- ethylene than the average while the lowest ethylene 

F01‘ copolymers in accordance with the present in‘ content polymer contains 7.5% less ethylene than the 
vention, composition can vary between chains as well average’ Or, in other words, 100 weight % of the poly 
as along the length of the chain. An object of this inven- mer is within +57% and _7_5% ethyiehe about an 
tion is to minimize the amount of inter-chain variation. 60 average of 443%. Accordingly, the Inter--CD is 75% 
The Inter-CD can be characterized by the difference in whetl the given weight % of the poiymei- is 100%‘ 
ccmpcshich between the copolymer f1‘ actions contain‘ If the chains are broken into fragments, there will be 
ihg the highest and lowest quantity of cthylchc- Tech‘ a new Inter-CD. For simplicity, consider ?rst breaking 
hiqucs for measuring thc breadth of ‘hi Imcr'cD are only molecule A into fragments shown by the slashes as 
known as illustrated in “Polymerization of ethylene and 65 follows; 
propylene to amorphous copolymers with catalysts of 
vanadium oxychloride and alkyl aluminum halides"; E. 
Junghanns, A. Gumboldt and G. Bier; Makromol. 

EEEP/EEEPE/EEPPE/EPPEP/PPEPP/PPPPP 
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Portions of 72.7%, 72.7%, 50%, 30.8%, 14.3% and 0% 
ethylene are obtained. If molecules B and C are simi 
larly broken and the weight fractions of similar compo 
sition are grouped a new Inter-CD is obtained. 

In order to determine the fraction of a polymer which 
is intramolecularly heterogeneous in a mixture of poly 
mers combined from several sources the mixture must 
be separated into fractions which show no further 
heterogenity upon subsequent fractionation. These frac 
tions are subsequently fractured and fractionated to 
reveal which are heterogeneous. 
The fragments into which the original polymer is 

broken should be large enough to avoid end effects and 
to give a reasonable opportunity for the normal statisti 
cal distribution of segments to form over a given mono 
mer conversion range in the polymerization. Intervals 
of ca 5 weight % of the polymer are convenient. For 
example, at an average polymer molecular weight of 
about 105, fragments of ca 5000 molecular weight are 
appropriate. A detailed mathematical analysis of plug 
?ow or batch polymerization indicates that the rate of 
change of composition along the polymer chain contour 
will be most severe at high ethylene conversion near the 
end of the polymerization. The shortest fragments are 
needed here to show the low ethylene content sections. 
The best available technique for determination of 

compositional dispersity for non-polar polymers is sol 
vent/nonsolvent fractionation which is based on the 
thermodynamics of phase separation. This technique is 
described in “Polymer Fractionation”, M. Cantow edi 
tor, Academic 1967, p. 341 and in H. Inagaki, T. 
Tanaku, “Developments in Polymer Characterization”, 3, 
l, (1982). These are incorporated herein by reference. 
For non-crystalline copolymers of ethylene and prop 

ylene, molecular weight governs insolubility more than 
does composition in a solvent/nonsolvent solution. 
High molecular weight polymer is less soluble in a 
given solvent mix. Also, there is a systematic correla 
tion of molecular weight with ethylene content for the 
polymers described herein. Since ethylene polymerizes 
much more rapidly than propylene, high ethylene poly 
mer also tends to be high in molecular weight. Addi 
tionally, chains rich in ethylene tend to be less soluble in 
hydrocarbon/polar non-solvent mixtures than propy 
lene-rich chains. Furthermore, for crystalline segments, 
solubility is signi?cantly reduced. Thus, the high molec 
ular weight, high ethylene chains are easily separated 
on the basis of thermodynamics. 
A fractionation procedure is as follows: Unfrag 

mented polymer is dissolved in n-hexane at 23° C. to 
form ca a 1% solution (1 g. polymer/100 cc hexane). 
lsopropyl alcohol is titrated into the solution until tur 
bidity appears at which time the precipitate is allowed 
to settle. The supernatant liquid is removed and the 
precipitate is dried by pressing between Mylar polyeth 
ylene terphthalate) ?lm at 150° C. Ethylene content is 
determined by ASTM method D-3900. Titration is re 
sumed and subsequent fractions are recovered and ana 
lyzed until 100% of the polymer is collected. The titra 
tions are ideally controlled to produce fractions of 
5-10% by weight of the original polymer, especially at 
the extremes of composition. 
To demonstrate the breadth of the distribution, the 

data are plotted as % ethylene versus the cumulative 
weight of polymer as de?ned by the sum of half the 
weight % of the fraction of that composition plus the 
total weight % of the previously collected fractions. 
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14 
Another portion of the original polymer is broken 

into fragments. A suitable method for doing this is by 
thermal degradation according to the following proce 
dure: In a sealed container in a nitrogen-purged oven, 8 
2 mm thick layer of the polymer is heated for 60 minutes 
at 330° C. (The time or temperature can be empirically 
adjusted based on the ethylene content and molecular 
weight of the polymer.) This should be adequate to 
reduce a 105 molecular weight polymer to fragments of 
ca 5000 molecular weight. Such degradation does not 
substantially change the average ethylene content of the 
polymer, although propylene tends to be lost on scission 
in preference to ethylene. This polymer is fractionated 
by the same procedure as the high molecular weight 
precursor. Ethylene content is measured as well as mo 
lecular weight on selected fractions. 
The procedure to characterize intramolecular hetero 

geneity is laborious and even when performed at an 
absolute optimum, does not show how the segments of 
the chain are connected. In fact it is not possible, with 
current technology, to determine the polymer structure 
without recourse to the synthesis conditions. With 
knowledge of the synthesis conditions, the structure can 
be de?ned as follows. 

Ethylene, propylene or high alpha-ole?n polymeriza 
tions with transition metal catalysts can be described by 
the terminal copolymerization model, to an approxima 
tion adequate for the present purpose. (G. Ver Strate, 
Encyclopedia of Polymer Science and Engineering, vol. 6, 
522 (1986)). In this model, the relative reactivity of the 
two monomers is speci?ed by two reactivity ratios 
defined as follows: 

_ (rate constant for ethvlene adding to ethylene! 
R1 — (rate constant for propylene adding to ethylene) 

rate constant for re vlene addin to re lene 
(rate constant for ethylene adding to propylene) 

R2 = 

Given these two constants, at a given temperature, the 
ratio of the molar amount of ethylene, E, to the molar 
amount of propylene, P, entering the chain from a solu 
tion containing ethylene and propylene at molar con 
centrations [E] and [P] respectively is 

E = [E1 (Rim + [PD (U 

The relation of E and P to the weight % ethylene in 
the polymer is as follows 

E 
100 

The values of R1 and R2 are dependent on the particu 
lar comonomer and catalyst employed to prepare the 
polymer, the polymerization temperature and, to some 
extent, the solvent. 
For all transition metal catalysts speci?ed herein, R1 

is significantly larger than R2. Thus, as can be seen from 
equation (1), ethylene will be consumed more rapidly 
than propylene for a given fraction of the monomer in 
the reacting medium. Thus, the ratio of [E]/[P] will 
decrease as the monomers are consumed. Only if 
R1=R2 will the composition in the polymer equal that 
in the reacting medium. 

If the amount of monomer that has reacted at a given 
time in a batch reactor or at a given point in a tubular 
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reactor can be determined, it is possible through equa 
tion (1), to determine the instantaneous composition 
being formed at a given point along the polymer chain. 
Demonstration of narrow MWD and increasing MW 
along the tube proves the compositional distribution is 
intramolecular. The amount of polymer formed can be 
determined in either of two ways. Samples of the poly 
merizing solution may be collected, with appropriate 
quenching to terminate the reaction at various points 
along the reactor, and the amount of polymer formed 
evaluated. Alternatively, if the polymerization is run 
adiabatically and the heat of polymerization is known, 
the amount of monomer converted may be calculated 
from the reactor temperature pro?le. 

Finally, if the average composition of the polymer is 
measured at a series of locations along the tube, or at 
various times in the batch polymerization case, it is 
possible to calculate the instantaneous composition of 
the polymer being made. This technique does not re 
quire knowledge of R1 and R2 or the heat of polymeriza 
tion, but it does require access to the polymer synthesis 
step. 

All of these methods have been employed with con 
sistent results. 
For the purpose of this patent, R1 and R; thus simply 

serve to characterize the polymer composition in terms 
of the polymerization conditions. By de?ning R1 and 
R2, we are able to specify the intramolecular composi~ 
tional distribution. In the examples shown below where 
VCl4 and ethylaluminum sesquichloride are employed 
in hexane as solvent, R1= 1.8 eXp(+500/RT1<) and 
R2=3.2 exp(—1500/RTk). Where “R” is the gas con 
stant (1.98 col/deg-mole) and “Tk” is degrees Kelvin. 
For reference, at 20° C. R1=9.7, R2=0.02. 

' The R1 and R2 given above predict the correct ?nal 
average polymer composition. If the R1 and R2 and 
expression (2) are someday proven to be inaccurate the 
polymer intramolecular compositional distribution will 
remain as de?ned herein in terms of the polymerization 
conditions but may have to be modi?ed on the absolute 
composition scales. There is little likelihood that they 
are in error by more than a few percent, however. 

Ethylene content is measured by ASTM-D3900 for 
ethylene-propylene copolymers between 35 and 85 wt. 
% ethylene. Above 85% ASTM-D2238 can be used to 
obtain methyl group concentrations which are related 
to percent ethylene in an unambiguous manner for ethy 
lene-propylene copolymers. When comonomers other 
than propylene are employed no ASTM tests covering 
a wide range of ethylene contents are. available; how 
ever, proton and carbon-l3 nuclear magnetic reaso 
nance spectroscopy can be employed to deterktine the 
composition of such polymers. These are absolute tech 
niques requiring no calibration when operated such that 
all nucleii of a given element contribute equally to the 
spectra. For ranges not covered by the ASTM tests for 
ethylene-propylene copolymers, these nuclear magnetic 
resonance methods can also be used. 

Molecular weight and molecular weight distribution 
are measured using a Waters 150C gel permeation chro 
matography equipped with a Chromatix KKX-6 (LDC 
Milton Roy, Riviera Beach, Fla.) on-line light scatter 
ing photometer. The system is used at 135“ C. with 1,2,4 
trichlorobenzene as mobile phase. Showdex (Showa 
Denko America, Inc.) polystyrene gel columns 802, 
803, 804 and 805 are used. This technique is discussed in 
“Liquid Chromatography of Polymers and Related 
Materials III”, J. Cazes editor. Marcel Dekker, 1981, p. 
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207 (incorporated herein by reference). No corrections 
for column spreading are employed; however, data on 
generally accepted standards, e.g., National Bureau of 
Standards Polyethene 1484 and anionically produced 
hydrogenated polyisoprenes (an alternating ethylene 
propylene copolymer) demonstrate that such correc 
tions on Yw/M,l or MZ/Mw are less than .05 unit. 
Mw/Mn is calculated from an el_ution time-molecular 
weight relationship whereas Mz/Mw is evaluated using 
the light scattering photometer. The numerical analyses 
can be performed using the commercially available 
computer software GPCZ, MOLWT2 available from 
LDC/Milton Roy-Riviera Beach, Fla. 
As already noted, copolymers in accordance with the 

present invention are comprised of ethylene and at least 
one other alpha-olefm. It is believed that such alpha-ole 
fms could include those containing 3 to 18 carbon 
atoms, e.g., propylene, butene-l, pentene-l, etc. Alpha 
ole?ns of 3 to 6 carbons are preferred due to economic 
considerations. The most preferred copolymers in ac 
cordance with the present invention are those com 
prised of ethylene and propylene. 
As is well known to those skilled in the art, copoly 

mers of ethylene and higher alpha-olefms such as prop 
ylene often include other polymerizable monomers. 
Typical of these other monomers may be non-conju 
gated dienes such as the following non-limiting exam 
ples: 

a. straight chain acyclic dienes such as: 1,4-hexadiene; 
1,6-octadiene; 

b. branched chain acyclic dienes such as: 5-methyl-1, 
4-hexadiene; 3, 7-dimethyl-l,6-octadiene; 3, 7-dimethyl 
1,7-octadiene and the mixed isomers of dihydro-myr 
cene and dihydroocinene; 

c. single ring alicyclic dienes such as: 1, 4-cyclohex 
adiene; 1,5-cyclooctadiene; and 1,5-cyclododecadiene; 

d. multi-ring alicyclic fused and bridged ring dienes 
such as: tetrahydroindene; methyltetrahydroindene; 
dicyclopentadiene; bicyclo-(2,2,1)-hepta-2, S-diene; al 
kenyl, alkylidene, cycloalkenyl and cycloalkylidene 
norbornenes such as S-methylene-Z-norbornene (MNB), 
5-ethylidene-2-norbornene (ENB), 5-propylene-2-nor 
bornene, 5-isopropylidene-Z-norbornene, 5-(4 
cyclopentenyl)-2-norbornene; 5-cyclohexylidene-2-nor 
bornene. 
Of the non-conjugated dienes typically used to pre 

pare these copolymers, dienes containing at least one of 
the double bonds in a strained ring are preferred. The 

' most preferred diene is S-ethylidene-Z-norbornene 
50 

60 

(ENB). The amount of diene (wt. basis) in the copoly 
mer could be from about 0% to 20% with 0% to 15% 
being preferred. The most preferred range is 0% to 
10%. 
As already noted, the most preferred copolymer in 

accordance with the present invention is ethylene-pro 
pylene. The average ethylene content of the copolymer 
could be as low as about 20% on a weight basis. The 
preferred minimum is about 25%. A more preferred 
minimum is about 30%. The maximum ethylene content 
could be about 90% on a weight basis. The preferred 
maximum is about 85%, with the most preferred being 
about 80%. Preferably, the copolymers of this invention 
intended for use as viscosity modi?er-dispersant contain 
from about 35 to 75 wt. % ethylene, and more prefera 
bly from about 50 to 70 wt. % ethylene. 
The molecular weight of copolymer made in accor 

dance with the present invention can vary over a wide 
range. It is believed that the weight-average molecular 
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weight could be as low as about 2,000. The preferred 
minimum is about lO,(X)0. The most preferred minimum 
is about 20,000. it is believed that the maximum weight 
average molecular weight could be as high as about 
12,000,000. The preferred maximum is about 1,000,000. 
The most preferred maximum is about 750,000. An 
especially preferred range of weight-average molecular 
weight for copolymers to be degraded in accordance 
with the instant invention for use in the preparation of 
the multifunctional viscosity index modi?ers of this 
invention. 
The copolymers of this invention will also be gener 

ally characterized by a Mooney viscosity (i.e., 
ML(l,+4,) 125° C.) of from about 1 to 100, preferably 
from about 5 to 70, and more preferably from about 8 to 
65, and by a thickening efficiency (“T.E.”) of from 
about 0.4 to 5.0, preferably from about L0 to 4.2, most 
preferably from about 1.4 to 3.9. 
Another feature of copolymer of the present inven 

tion is that the molecular weight distribution (MWD) is 
verlnagow, as characterized by at least one of a ratio 
of Mw/Mn of less than 2 and a ratio of HZ/M'w of less 
than 1.8. As relates to EPM and EPDM, a typical ad 
vantage of such copolymers having narrow MWD is 
resistance to shear degradation. Particularly for oil ad 
d_itive_ applications, the preferred copolymers have 
Mw/M,l less than about 1.5, with less than about 1.25 
being most preferred. The preferred ?z/M-w is less than 
about 1.5, with less than about 1.2 being most preferred. 
The copolymers of the instant invention may be pro 

duced by polymerization of a reaction mixture com 
prised of catalyst, ethylene and at least one additional 
alpha-olefin monomer, wherein the amounts of mono 
mer, and preferably ethylene, is varied during the 
course of the polymerization in a controlled manner as 
will be hereinafter described. Solution polymerizations 
are preferred. 
Any known solvent for the reaction mixture that is 

effective for the purpose can be used in conducting 
solution polymerizations in accordance with the present 
invention. For example, suitable solvents would be hy 
drocarbon solvents such as aliphatic, cycloaliphatic and 
aromatic hydrocarbon solvents, or halogenated ver 
sions of such solvents. The preferred solvents are C]; or 
lower, straight chain or branched chain, saturated hy 
drocarbons, C5 to C9 saturated alicyclic or aromatic 
hydrocarbons or C2 to C6 halogenated hydrocarbons. 
Most preferred are C12 or lower, straight chain or 
branched chain hydrocarbons particularly hexane. 
Non-limiting illustrative examples of solvents are bu 
tane, pentane, hexane, heptane, cyclopentane, cyclohex 
ane, cycloheptane, methyl cyclopentane, methyl cyclo 
hexane, isooctane, benzene, toluene, xylene, chloro 
form, chlorobenzenes, tetrachloroethylene, dichloro 
ethane and trichloroethane. 
These polymerizations are carried out in a mix-free 

reactor system, which is one in which substantially no 
mixing occurs between portions of the reaction mixture 
that contain polymer chains initiated at different times. 
Suitable reactors are a continuous ?ow tubular or a 
stirred batch reactor. A tubular reactor is well known 
and is designed to minimize mixing of the reactants in 
the direction of flow. As a result, reactant concentration 
will vary along the reactor length. In contrast, the reac 
tion mixture in a continuous flow stirred tank reactor 
(CFSTR) is blended with the incoming feed to produce 
a solution of essentially uniform composition every 
where in the reactor. Consequently, the growing chains 
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in a portion of the reaction mixture will have a variety 
of ages and thus a single CFSTR is not suitable for the 
process of this invention. However, it is well known 
that 3 or more stirred tanks in series with all of the 
catalyst fed to the ?rst reactor can approximate the 
performance of a tubular reactor. Accordingly, such 
tanks in series are considered to be in accordance with 
the present invention. 
A batch reactor is a suitable vessel, preferably 

equipped with adequate agitation, to which the catalyst, 
solvent, and monomer are added at the start of the 
polymerization. The charge of reactants is then left to 
polymerize for a time long enough to produce the de 
sired product or chain segment. For economic reasons, 
a tubular reactor is preferred to a batch reactor for 
carrying out the processes of this invention. 

In addition to the importance of the reactor system to 
make copolymers in accordance with the present inven 
tion, the polymerization should be conducted such that: 

(a) the catalyst system produces essentially one active 
catalyst species, 

(b) the reaction mixture is essentially free of chain 
transfer agents, and 

(c) the polymer chains are essentially all initiated 
simultaneously, which is at the same time for a 
batch reactor or at the same point along the length 
of the tube for a tubular reactor. 

To prepare copolymer structures 11 and III above 
(and, optionally, to prepare copolymer structure I 
above), additional solvent and reactants (e.g., at least 
one of the ethylene, alpha-ole?n and diene) will be 
added either along the length of a tubular reactor or 
during the course of polymerization in a batch reactor, 
or to selected stages of stirred reactors in series in a 
controlled manner (as will be hereinafter described) to 
form the copolymers of this invention. However, it is 
necessary to add essentially all of the catalyst at the inlet 
of the tube or at the onset of batch reactor operation to 
meet the requirement that essentially all polymer chains 
are initiated simultaneously. 

Accordingly, polymerization in accordance with the 
present invention are carried out: 

(a) in at least one mix-free reactor, 
(b) using a catalyst system that produces essentially 
one active catalyst species, 

(0) using at least one reaction mixture which is essen 
tially transfer agent-free, and 

(d) in such a manner and under conditions sufficient 
to initiate propagation of essentially all polymer 
chains simultaneously. 

Since the tubular reactor is the preferred reactor system 
for carrying out polymerizations in accordance with the 
present invention, the following illustrative descriptions 
are drawn to that system, but will apply to other reactor 
systems as will readily occur to the artisan having the 
benefit of the present disclosure. 

In practicing polymerization processes in accordance 
with the present invention, use is preferably made of at 
least one tubular reactor. Thus, in its simplest form, 
such a process would make use of but a single, reactor. 
However, as would readily occur to the artisan having 
the bene?t of the present disclosure, a series of reactors 
could be used with multiple monomer feed to vary 
intramolecular composition as described below. 
The composition of the catalyst used to produce 

alpha-olefin copolymers has a profound effect on co 
polymer product properties such as compositional dis 
persity and MWD. The catalyst utilized in practicing 
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processes in accordance with the present invention 
should be such as to yield essentially one active catalyst 
species in the reaction mixture. More speci?cally, it 
should yield one primary active catalyst species which 
provides for substantially all of the polymerization reac 
tion. Additional active catalyst species could provide as 
much as 35% (weight) of the total copolymer. Prefera 
bly, they should account for about 10% or less of the 
copolymer. Thus, the essentially one active species 
should provide for at least 65% of the total copolymer 
produced, preferably for at least 90% thereof. The ex 
tent to which a catalyst species contributes to the poly 
merization can be readily determined using the below 
described techniques for characterizing catalyst accord 
ing to the number of active catalyst species. 
Techniques for characterizing catalyst according to 

the number of active catalyst species are within the skill 
of the art, as evidenced by an article entitled “Ethylene 
Propylene Copolymers. Reactivity Ratios, Evaluation 
and Signi?cance”, C. Cozewith and G. Ver Strate, 
Macromolecules, 4, 482 (1971), which is incorporated 
herein by reference. 

It is disclosed by the authors that copolymers made in 
a continuous flow stirred reactor should have an MWD 
characterized by Mw/?,,=2 and a narrow Inter-CD 
when one active catalyst species is present. By a combi 
nation of fractionation and gel permeation chromatog 
raphy (GPC) it is shown that for single active species 
catalysts the compositions of the fractions vary no more 
than i3% about the average and the MWD (weight- to 
number-average ratio) for these samples approaches 2. 
It is this latter characteristic (Kits/?n of about 2) that is 
deemed the more important in identifying a single ac 
tive catalyst species. On the other hand, other catalysts 
gave copolymer with an Inter-CD greater than i 10% 
@out the average and multi-modal NWD often with 
Mic/?n greater than 10. These other catalysts are 
deemed to have more than one active species. 

Catalyst systems to be used in carrying out processes 
in accordance with the present invention may be Zieg 
ler catalysts, which may typically include: 

(a) a compound of a transition metal, Le, a metal of 
Groups I-B, III-B, IVB, VB, VlB, VlIB and VIII of the 
Periodic Table, and (b) an organometal compound of a 
metal of Groups I-A, Il-A, 11-8 and III-A of the Peri 
odic Table. 
The preferred catalyst system in practicing processes 

in accordance with the present invention comprises 
hydrocarbon-soluble vanadium compound in which the 
vanadium valence is 3 to 5 and an organo-aluminum 
compound, with the proviso that the catalyst yields 
essentially one active catalyst species as described 
above. At least one of the vanadium compound/or 
ganoaluminum pair selected must also contain a va 
lence-bonded halogen. 

In terms of formulas, vanadium compounds useful in 
practicing processes in accordance with the present 
invention could be: 

where x = 0 — 3 and R = a hydrocarbon radical; 

vCl-t; 
VO(AcAc)2. 
where AcAc = acetyl acetonate which may or 
may not be alkyl‘substituted (e.g.1 to C6 
alkyl); 
V(AcAc)3; 
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-continued 

V(dicarbonyl moiety)3; 
VOClx(AcAc)3 _ x, 

where x = l or 2; 
V(dicarbonyl moiety)3Cl; and 
VCl3.nB, 

where n = 2-3, B =Lewis base capable of making hydro 
carbon-soluble complexes with VCl3, such as tetrahy 
drofuran, Z-methyI-tetrahydrofuran and dirnethyl pyri 
dine, and the dicarbonyl moiety is derived from a dicar 
bonyl compound of the formula: 

In formula (1) above, each R (which can be the same 
or different) preferably represents a C1 to C10 aliphatic, 
alicyclic or aromatic hydrocarbon radical such as ethyl 
(Et), phenyl, isopropyl, butyl, propyl, n-butyl, i-butyl, 
t-butyl, hexyl, cyclohexyl, octyl, naphthyl, etc. R, pref 
erably represents an alkylene divalent radical of l to 6 
carbons (e.g. —CH2—, —C1H4—, etc.). Nonlimiting 
illustrative examples of formula (1) compounds are 
vanadyl trihalides, alkoxy halides and alkoxides such as 
VOC13, VOCIZ (OBu) where Bu=butyl, and V0 
(OC2I-I5)3. The most preferred vanadium compounds 
are VCl4, VOC13 and VOCl2(OR). 
As already noted, the co-catalyst is preferably or 

gano-aluminum compound. In terms of chemical formu 
las, these compounds could be as follows: 

where R and R, represent hydrocarbon radicals, the 
same or different, as described above with respect to the 
vanadium compound formula. The most preferred or 
gano-aluminum compound is an aluminum alkyl sesqui 
chloride such as Al2Et3Cl3 or Al2(iBu)3Cl3. 

In terms of performance, a catalyst system comprised 
of VCl4 and Al2R3Cl3, preferably where R is ethyl, has 
been shown to be particularly effective. For best cata 
lyst performance, the molar amounts of catalyst compo 

' nents added to the reaction mixture should provide a 
50 
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molar ratio of aluminum/vanadium (Al/V) of at least 
about 2. The preferred minimum Al/V is about 4. The 
maximum Al/V is based primarily on the considerations 
of catalyst expense and the desire to minimize the 
amount of chain transfer that may be caused by the 
organo-aluminum compound (as explained in detail 
below). Since, as is known certain organo-aluminum 
compounds act as chain transfer agents, if too much is 
present in the reaction mixture the ?w/Mn of the co 
polymer may rise above 2. Based on these consider 
ations, the maximum Al/V could be about 25, however, 
a maximum of about 17 is more preferred. The most 
preferred maximum is about 15. 
With reference again to processes for making copoly 

mer in accordance with the present invention, it is well 
known that certain combinations of vanadium and alu 
minum compounds that can comprise the catalyst sys 
tem can cause branching and gelation during the poly 
merization for polymers containing high levels of diene. 
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To prevent this from happening Lewis bases such as 
ammonia, tetrahydrofuran, pyridine, tributylamine, tet 
rahydrothiophene, etc., can be added to the polymeriza 
tion system using techniques well known to those 
skilled in the art. 
Chain transfer agents for the Ziegler-catalyzed, poly 

merization of alpha-ole?ns are well known and are 
illustrated, by way of example, by hydrogen or diethyl 
zinc for the production of EPM and EPDM. Such 
agents are very commonly used to control the molecu 
lar weight of EPM and EPDM produced in continuous 
?ow stirred reactors. For the essentially single active 
species Ziegler catalyst systems used in accordance 
with the present invention, addition of chain transfer 
agents to a CFSTR reduces the polymer molecular 
weight but does not affect the molecular weight distri 
bution. On the other hand, chain transfer reactions dur 
ing tubular reactor polymerization in accordance with 
the present invention broaden polymer molecular 
weight distribution and Inter-CD. Thus the presence of 
chain transfer agents in the reaction mixture should be 
minimized or omitted altogether. Although difficult to 
generalize for all possible reactions, the amount of chain 
transfer agent used should be limited to those amounts 
that provide copolymer product in accordance with the 
desired limits as regards MWD and compositional dis 
persity. It is believed that the maximum amount of chain 
transfer agent present in the reaction mixture could be 
as high as about 0.2 mol/mol of transition metal, e.g., 
vanadium, again provided that the resulting copolymer 
product is in accordance with the desired limits as re 
gards MWD and compositional dispersity. Even in the 
absence of added chain transfer agent, chain transfer 
reactions can occur because propylene and the organo 
aluminum cocatalyst can also act as chain transfer 
agents. In general, among the organo-aluminum com 
pounds that in combination with the vanadium com 
pound yield just one active species, the organo 
aluminum compound that gives the highest copolymer 
molecular weight at acceptable catalyst activity should 
be chosen. Furthermore, if the Al/V ratio has an effect 
on the molecular weight of copolymer product, that 
Al/V should be used which gives the highest molecular 
weight also at acceptable catalyst activity. Chain trans 
fer with propylene can best be limited by avoiding ex 
cessively elevated temperature during the polymeriza 
tion as described below. 

Molecular weight distribution and Inter-CD are also 
broadened by catalyst deactivation during the course of 
the polymerization which leads to termination of grow 
ing chains. It is well known that the vanadium-based 
Ziegler catalysts used in accordance with the present 
invention are subject to such deactivation reactions 
which depend to an extent upon the composition of the 
catalyst. Although the relationship between active cata 
lyst lifetime and catalyst system composition is not 
known at present, for any given catalyst, deactivation 
can be reduced by using the shortest residence time and 
lowest temperature in the reactor that will produce the 
desired monomer conversions. 

Polymerizations in accordance with the present in 
vention should be conducted in such a manner and 
under conditions sufficient to initiate propagation of 
essentially all copolymer chains simultaneously. This 
can be accomplished by utilizing the process steps and 
conditions described below. 
The catalyst components are preferably premixed, 

that is, reacted to form active catalyst outside of the 
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reactor, to ensure rapid chain initiation. Aging of the 
premixed catalyst system, that is, the time spent by the 
catalyst components (e.g., vanadium compound and 
organo-aluminum) in each other’s presence outside of 
the reactor, should preferably be kept within limits. If 
not aged for a sufficient period of time, the components 
will not have reacted with each other sufficiently to 
yield an adequate quantity of active catalyst species, 
with the result of nonsimultaneous chain initiation. 
Also, it is known that the activity of the catalyst species 
will decrease with time so that the aging must be kept 
below a maximum limit. It is believed that the minimum 
aging period, depending on such factors as concentra 
tion of catalyst components, temperature and mixing 
equipment, could be as low as about 0.1 second. The 
preferred minimum aging period is about 0.5 second, 
while the most preferred minimum aging period is about 
1 second. While the maximum aging period could be 
higher, for the preferred vanadium/organo-aluminum 
catalyst system the preferred maximum is about 200 
seconds. A more preferred maximum is about 100 sec 
onds. The most preferred maximum aging period is 
about 50 seconds. The premixing could be performed at 
low temperature such as 40° C. or below. It is preferred 
that the premixing be performed at 25° C. or below, 
with 20° C. or below being most preferred. 

Preferably, the catalyst components are premixed in 
the presence of the selected polymerization diluent or 
solvent under rapid mixing conditions, e.g., at impinge 
ment Reynolds Numbers (N RE) of at least 10,000, more 
preferably at least 50,000, and most preferably at least 
100,000. Impingement Reynolds number is defined as 

DNp 
p. 

NRE = 

where N is fluid ?ow velocity (cm/sec), D is inside 
tube diameter (cm), p is ?uid density (g./cm.3) and p is 
?uid viscosity (poise). 
The temperature of the reaction mixture should also 

be kept within certain limits. The temperature at the 
reactor inlets should be high enough to provide com 
plete, rapid chain initiation at the start of the polymeri 
zation reaction. The length of time the reaction mixture 
spends at high temperature must be short enough to 
minimize the amount of undesirable chain transfer and 
catalyst deactivation reactions. 
Temperature control of the reaction mixture is com 

plicated somewhat by the fact that the polymerization 
reaction generates large quantities of heat. This problem 
is, preferably, taken care of by using prechilled feed to 
the reactor to absorb the heat of polymerization. With 
this technique, the reactor is operated adiabatically and 
the temperature is allowed to increase during the course 
of polymerization. As an alternative to feed prechill, 
heat can be removed from the reaction mixture, for 
example, by a heat exchanger surrounding at least a 
portion of the reactor or by well-known autorefrigera 
tion techniques in the case of batch reactors or multiple 
stirred reactors in series. 

If adiabatic reactor operation is used, the inlet tem' 
perature of the reactor feed could be about from —- 50° 
C. to 150° C. It is believed that the outlet temperature of 
the reaction mixture could be as high as about 200° C. 
The preferred maximum outlet temperature is about 70° 
C. The most preferred maximum is about 60° C. In the 
absence of reactor cooling, such as by a cooling jacket, 



5,312,556 
23 

to remove the heat of polymerization, it has been deter 
mined (for a mid-range ethylene content EP copolymer 
and a solvent with heat capacity similar to hexane) that 
the temperature of the reaction mixture will increase 
from reactor inlet to outlet by about 13° C. per weight 
percent of copolymer in the reaction mixture (weight of 
copolymer per weight of solvent). 
Having the bene?t of the above disclosure, it would 

be well within the skill of the art to determine the oper 
ating temperature conditions for making copolymer in 
accordance with the present invention. For example, 
assume an adiabatic reactor and an outlet temperature 
of 35° C. are desired for a reaction mixture containing 
5% copolymer. The reaction mixture will increase in 
temperature by about 13° C. for each weight percent 
copolymer or 5 wt. % ><l3° C./wt. % =65" C. To 
maintain an outlet temperature of 35° C., it will thus 
require a feed that has been prechilled to 35° C.—65° 
C.=-30° C. In the instance that external cooling is 
used to absorb the heat of polymerization, the feed inlet 
temperature could be higher with the other temperature 
constraints described above otherwise being applicable. 
Because of heat removal and reactor temperature 

limitations, the preferred maximum copolymer concen 
tration at the reactor outlet is 25 wt./ 100 wt. diluent. 
The most preferred maximum concentration is 15 
wt/ 100 wt. There is no lower limit to concentration due 
to reactor operability, but for economic reasons it is 
preferred to have a copolymer concentration of at least 
2 wt/ 100 wt. Most preferred is a concentration of at 
least 3 wt/ 100 wt. 
The rate of ?ow of the reaction mixture through the 

reactor should be high enough to provide good mixing 
of the reactants in the radial direction and minimize 
mixing in the axial direction. Good radial mixing is 
bene?cial not only to both the Intra- and Inter-CD of 
the copolymer chains but also to minimize radial tem 
perature gradients due to the heat generated by the 
polymerization reaction. Radial temperature gradients 
in the case of multiple segment polymers will tend to 
broaden the molecular weight distribution of the co 
polymer since the polymerization rate is faster in the 
high temperature regions resulting from poor heat dissi 
pation. The artisan will recognize that achievement of 
these objectives is difficult in the case of highly viscous 
solutions. This problem can be overcome to some extent 
through the use of radial mixing devices such as static 
mixers (e.g., those produced by the Kenics Corpora 
tion). 

It is believed that residence time of the reaction mix 
ture in the mix-free reactor can vary over a wide range. 
It is believed that the minimum could be as low as about 
0.2 second. A preferred minimum is about 0.5 second. 
The most preferred minimum is about 1 second. It is 
believed that the maximum could be as high as about 
3600 seconds. A preferred maximum is about 40 sec 
onds. The most preferred maximum is about 20 seconds. 

Preferably, the ?uid ?ow of the polymerization reac 
tion mass through the tubular reactor will be under 
turbulent conditions, e.g., at a flow Reynolds Number 
(NR) of at least 10,000, more preferably at least 50,000, 
and most preferably at least 100,000 (e.g., 150,000 to 
250,000), to provide the desired radial mixing of the 
?uid in the reactor. Flow Reynolds Number is de?ned 
as 
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NR 
F'P 

wherein N’ is ?uid ?ow velocity (cm./sec.), D’ is inside 
tube diameter of the reactor (cm), p is ?uid density 
(g./cm.3) and u is ?uid viscosity (poise). 

If desired, catalyst activators for the selected vana 
dium catalysts can be used as long as they do not cause 
the criteria for a mix-free reactor to be violated, typi 
cally in amounts up to 20 mol %, generally up to 5 mol 
%, based on the vanadium catalyst, e.g., butyl per 
chlorocrotonate, benzoyl chloride, and other activators 
disclosed in Ser. Nos. 504,945 and 50,946, ?led May 15, 
1987, the disclosures of which are hereby incorporated 
by reference in their entirety. Other useful catalyst 
activators include esters of halogenated organic acids, 
particularly alkyl trichloroacetates, alkyl tribromoace 
tates, esters of ethylene glycol monoalkyl (particularly 
monoethyl) ethers with trichloroacetic acid and alkyl 
perchlorocrotonates, and acyl halides. Speci?c exam 
ples of these compounds include benzoyl chloride, 
methyl trichloroacetate, ethyl trichloroacetate, methyl 
tribromoacetate, ethyl tribromoacetate, ethylene glycol 
monoethyl ether trichloroacetate, ethylene glycol 
monoethyl ether tribromoacetate, butyl perchlorocro 
tonate and methyl perchlorocrotonate. 
By practicing processes in accordance with the pres 

ent invention, alpha-ole?n copolymers having very 
narrow MWD can be made by direct polymerization. 
Although narrow MWD copolymers can be made using 
other known techniques, such as by fractionation or 
mechanical degradation, these techniques are consid 
ered to be impractical to the extent of being unsuitable 
for commercial-scale operation. As regards EPM and 
EPDM made in accordance with the present invention, 
the products have good shear stability and (with spe 
cific intramolecular CD) excellent low temperature 
properties which make them especially suitable for lube 
oil applications. 

It is preferred that the Intra-CD of the copolymer is 
such that at least two portions of an individual intramo 
lecularly heterogeneous chain, each portion comprising 
at least 5 weight percent of said chain, differ in composi 
tion from one another by at least 5 weight percent ethyl 
ene. The Intra-CD can be such that at least two portions 
of copolymer chain differ by at least 10 weight percent 
ethylene. Differences of at least 20 weight percent, as 
‘well as, 40 weight percent ethylene are also considered 
to be in accordance with the present invention. 

It is also preferred that the Inter-CD of the copoly 
mer is such that 95 wt. % of the copolymer chains have 
an ethylene composition that differs from the copoly 
mer average weight percent ethylene composition by 15 
wt. % or less. The preferred Inter-CD is about 13% or 
less, with the most preferred being about 10% or less. 

DEGRADATION OF THE ETHYLENE AND 
ALPHA-OLEFIN COPOLYMER 

The ethylene-a-ole?n copolymers in accordance 
with the instant invention are degraded to form lower 
molecular weight copolymers by any of the conven 
tional and well-known degradation or molecular weight 
reduction processes. By degradation or molecular 
weight reduction processes is meant processes which 
reduce the molecular weight of the ethylene-a-ole?n 
copolymers of this invention. These degradation pro 
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cesses are generally conventional and well known in the 
art. Included among these processes are mechanical 
degradation processes and thermal degradation pro 
cesses. The mechanical degradation processes generally 
involve shear assisted breakdown of the copolymer. 
They may be carried out in the presence of oxygen or in 
an inert atmosphere, i.e., in the substantial absence of 
oxygen. They can be conducted in the presence or ab 
sence of catalysts and/or accelerators. While generally 
in mechanical processes the copolymer is either in the 
solid or melt phase, said processes may be conducted in 
the presence of solvent, preferably inert solvent. 

In the mechanical degradation processes the degree 
of shear and heat utilized in the process and the length 
of time that the copolymers are subjected to said shear 
are those which are effective to degrade the copolymer, 
i.e., reduce the molecular weight of the copolymer to 
the desired molecular weight (i.e., H, of about 15,000 to 
about 150,000) and thickening efficiency. If catalysts are 
utilized the amount of catalyst employed is a catalytic 
effective amount, i.e., an amount effective to catalyze 
the degradation reaction. 
The thermal degradation processes may be carried 

out in the presence of oxygen, i.e., thermal oxidative 
degradation, or under an inert atmosphere, i.e., in the 
substantial absence of oxygen. They are generally, al 
though not always, conducted on a composition com 
prising the copolymer and an inert solvent or diluent, 
e.g., copolymer-inert solvent solution. Various catalysts 
and/or accelerators may also be used in these thermal 
degradation processes. 
The thermal degradation processes are carried out at 

temperatures and for periods of time which are effective 
to degrade the copolymer, i.e., reduce the molecular 
weight of the copolymer to the desired molecular 
weights (i.e., M, of from about 15,000 to about 150,000) 
and thickening efficiency. If catalysts are utilized, the 
amount of catalyst employed is a catalytic effective 
amount, i.e., an amount effective to catalyze the degra 
dation process. 
One such mechanical degradation process comprises 

the shear assisted oxidation or mechanical breakdown 
and oxidation of the copolymers in the presence of an 
oxygen-containing gas such as air in a mechanical mixer 
such as an extruder, masticator, Banbury mixer, rubber 
mill, or the like. The mechanical breakdown and oxida 
tion of the copolymer may be done with a single piece 
of equipment, or may be done in stages with increasing 
intensity of the degree of breakdown which takes place 
and the amount of oxygen incorporated in the polymer. 
It is preferred to operate in the absence of solvent or 
fluxing cyil so the polymer is readily exposed to air. 
Useful equipment includes Banbury mixers and mills 
having adjustable gaps, which devices may be enclosed 
in jacketed containers through which a heating medium 
may be passed such as superatmospheric stream or 
heated DOWTHERM,,. When mastication or break 
down has reached a desired level, as determined by 
oxygen uptake and reduction in thickening efficiency 
(T .E.) as de?ned below, a fluxing oil may be added to 
the degraded polymer. Usually enough oil is added to 
provide a concentration of degraded polymer in the 
range of about 5 weight percent to 50 weight percent 
based on the weight of the total resulting solution. Use 
ful temperatures for oxidatively degrading the polymers 
are in the range of about 250° to 750° F. The time re 
quired to achieve satisfactory results will depend on the 
type of degrading or mastication equipment, the tem 
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perature of degrading, and particularly the speed of 
rotation if using a blade mixer as the degrading or masti 
cating device. For example, the Bramley Beken Blade 
Mixer can be used in providing a single piece of equip 
ment, the desired degree of mastication, or milling and 
oxidative degradation. This mixer, which is equipped 
with a variable speed drive, has two rollers, ?tted with 
helically disposed knives geared so that one roller re 
volves at one-half the speed of the other. The rollers are 
journalled in a jacketed reactor having two hemispheri 
cal halves in its base, which conform to the radii of the 
two rollers. superheated stream, or heated DOW 
THERM-m may be circulated through the jacket to 
provide the desired temperature. 

Additionally, various catalysts and/or accelerators 
can be employed to accelerate the degradation of the 
copolymer. The catalysts include metals or metal salts 
or complexes such as copper, vanadium, chromium, 
manganese, nickel, iron, cobalt, molybdenum and their 
salts and complexes such as oleates, naphthenates, octo 
ates, carboxylates, stearates and other long chain, oil 
soluble, organic acid salts. Other catalysts and/or 
cocatalysts include the peroxides such as dibenzoyl 
peroxide, diocyl peroxides, and dialkyl peroxides. Other 
suitable peroxide catalysts are disclosed in U.S. Pat. No. 
3,313,793, incorporated herein by reference. One type 
of a catalytic, oxidative, shear accelerated process is 
disclosed in U.S. application Ser. No. 241,620, ?led Sep. 
8, 1988 now U.S. Pat. No. 5,006,608 , incorporated 
herein by reference. 
The period of time that is generally required to 

achieve the desired reduction in molecular weight and 
thickening efficiency will vary depending upon the 
temperature, RPM and horsepower of the mixer, cata 
lyst (if any), and the amount of catalyst and accelerator 
used. However, a time period of about 2 minutes to 
about 12 hours is generally adequate depending upon 
the degree to which it is desired to reduce the T.E. and 
molecular weight. 
Another method for the mechanical degradation or 

shearing of the ethylene-a-ole?n copolymer comprises 
oxidizing the copolymer in a closed vessel equipped 
with shearing blades. A typical apparatus of this type is 
a device containing counter-rotating helical blades and 
known as a “Brabender Torque Rheometer”. Typically, 
means are provided for supplying air, oxygen, or an 
other oxygen-containing gas to the shearing cavity of 
the vessel. Alternatively, or additionally, the oxygen 

' source may be a nongaseous material such as a peroxide, 
50 
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placed in the reaction chamber with the copolymer; this 
may also have a bene?cial effect on the reaction rate. It 
is preferred, however, that a gaseous source of oxygen 
be used. Although normally an outside source of gase 
ous oxygen is provided, this is not absolutely necessary. 
When the usual outside source is used, however, the gas 
may be supplied to the shearing cavity at any conve 
nient flow rate. Normally, air or oxygen is provided at 
a rate sufficient to exchange all the air or oxygen in the 
shearing cavity every few seconds. Means are also pro 
vided for maintaining the shearing cavity at an elevated 
temperature, usually in the range of about l70°-230° C. 
preferably 180°~225° C. 
These mechanical degradation or shearing processes 

may also be carried out under an inert gas or atmo 
sphere such as nitrogen, i.e., in the substantial absence 
of oxygen. 
One such shear assisted degradation carried out 

under an inert atmosphere may be carried out in a masti 
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cator, a rubber mill, a Banbury mixer, Brabender mix 
ers, and other mechanical mixing devices which can 
Mix or knead the ethylene-a-olefm copolymer, rubber 
at elevated temperatures with the other components of 
the reaction into a homogeneous solid rubbery mass so 
degradation can take place in the solid state. Combina 
tions of equipment may also be used, such as a low 
temperature mixer for premixing the ingredients, fol 
lowing which they can be transferred to a high temper 
ature heated mixer for degradation. 
The degradation is preferably carried out using free 

radical initiators such as peroxides, and preferably those 
which have a boiling point greater than about 100° C. 
Representative of these free-radical initiators are di 
lauroyl peroxide, 2,5-di-methyl-hex-3-yne-2, 5 bis~terti~ 
ary-butyl peroxide (sold as Lupersol 130) or its hexane 
analogue, di-tertiary butyl peroxide and dicumyl perox 
ide. The presence of an acid, e.g. maleic anhydride, 
with the peroxide is preferred as it catalyzes the decom 
position of the peroxide to activate the peroxide. Other 
activators of the peroxide, other than acid, can be used 
such as the hydroperoxides disclosed by European Pub 
lished Patent Application 0123424, including cumene 
hydroperoxide, hydrogen peroxide, tertiary butyl hy 
droperoxide, etc. The initiator is generally used at a 
level of between about 0.005% and about 1%, eg 0.05 
to 0.5%, based on the total weight of the ole?n poly 
mer, and temperatures of about 120° to 250° C. 
The initiator degradation is preferably carried out at 

120°-250° C., more preferably l50°—220° C. An inert 
atmosphere, such as that obtained by nitrogen blanket 
ing is used. The total time for degradation and/or graft 
ing will usually range from about 0.005 to 12 hours. If 
carried out in an extruder, the total time will be rela 
tively short, e.g. 0.005 to 0.2 hours. In a masticator 
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usually from about 0.5 to 6 hours, more preferably 0.5 to _ 
3 hours total time will be required. The degradation 
reaction will be usually carried out to at least approxi 
mately 4 times, preferably at least about 6 times the 
half-life of the free-radical initiator at the reaction tem 
perature employed, e.g. with 2,5-dimethyl hex-3-yne-2, 
5-bis(t-butyl peroxide) 2 hours at 160° C. and one hour 
at 170° C., etc. 
Degradation can take place separately by heating and 

mixing with the initiator, preferably under shearing 
stress. 

Another molecular weight degradation process in 
volves thermal degradation of the copolymer in the 
absence of oxygen. One such thermal degradation pro 
cess involves heating the ethylene-a-ole?n copolymer 
in the presence of catalytic amount of catalyst, prefera 
bly from 0.075% to 10% in the absence of oxygen to a 
temperature of from 275° to 450° C. or higher, particu 
larly when using superatmospheric pressure conditions, 
preferably to a temperature of from 300° to 400° C. for 
a period which will vary depending upon the tempera 
ture, catalyst and the amount of catalyst used, which 
time period is adequate to produce the desired reduc 
tion in molecular weight. Employing catalysts in 
amounts and at temperatures within the upper portion 
of the above-mentioned respective ranges, the time of 
heating can be as little as five minutes; using an amount 
of catalyst in the lower portion at the lower tempera 
tures, within the aforesaid range of 0.075% to 10%, the 
time of heating can be from four to ?ve hours. 
The catalysts are generally those which are known in 

the art for thermal degradation processes and include: 
(i) an oxide or (ii) carbonate of an alkali metal, alkaline 
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earth metal, or a heavy metal, namely, antimony, bis 
muth, cadmium, chromium, copper, iron lead, mercury, 
tantalum, titanium, thallium, vanadium and zinc;.metal 
salts of aminocarboxylic, dicarboxylic or tricarboxylic 
aliphatic, phenyl or naphtyl carboxylic acid such as 
those disclosed in U.S. Pat. No. 3,332,926, incorporated 
herein by reference; and the like. 
The heating of the polymer, catalyst mixture can be 

carried out in any suitable closed equipment such as a 
batch reactor or continuous reactor through which the 
mixture of polymer and catalyst is passed continuously 
for the necessary residence time to produce at the tem 
perature of operation the desired lower molecular 
weight polyolefm. The heating can be carried out under 
vacuum, at ambient pressures or under superatmos 
pheric pressure conditions. In the case of batch opera 
tions at ambient or superatmospheric pressure condi 
tions, the heating can be carried out under a blanket of 
nitrogen or other oxygenfree atmosphere. 

If desired, the mixture of catalyst and polymer can be 
stirred or agitated during the heating. 
The thermal oxidative degradation process involves 

heating the ehtylene-a‘ole?n copolymer at a tempera 
ture of at least about 100° C. in the presence of oxygen 
or air so as to cause degradation of the copolymer. Such 
degradation is usually characterized by a substantial 
reduction of the molecular weight of the copolymer. 
A particularly useful method of preparing the oxi 

dized and degraded copolymer involves heating a ?uid 
solution of copolymer in an inert solvent and bubbling 
oxygen or air through the solution at a temperature of at 
least 100° C. until the desired degradation is achieved. 
In lieu of oxygen or air, any mixture of oxygen and inert 
gas such as nitrogen or carbon dioxide may be used. 
The inert gas thus functions as a carrier of oxygen and 
often provides a convenient means of introducing'oxy 
gen into the reaction mixture. 
The inert solvent useful in preparing the ?uid solu 

tion of the copolymer reactant is preferably a liquid 
inert hydrocarbon such as naphtha, hexene, cyclohex 
ene, dodecane, biphenyl, xylene or toluene. It may be a 
polar solvent such as diphenyl oxide. The amount of the 
solvent to be used is not critical so long as a sufficient 
amount is used to result in the ?uid solution of the inter 
polymer. polymer. Such solution usually contains from 
about 60 to 95% of a solvent. 
The temperature at which the copolymer is oxidized 

' and degraded is at least about 100° C., preferably at least 
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about 150° C. and it may be as high as 250° C., 300° C. 
or even higher. 
The copolymers of the instant invention may also be 

degraded to lower molecular weights by homogeniza 
tion. The homogenization process is conventional and 
known in the art. In the homogenzation process the 
copolymer, generally in a liquid state such as for exam 
ple in a solution of copolymers dissolved in a solvent 
such as those described above, is forced at high pressure 
through a device which utilizes variously designed 
throttle valves and narrow ori?ces. Such a device can 
generate very high shear rates. Commercial devices 
such as that from the Manton-Gaulin Manufacturing 
Company or modi?cations thereof may be employed. 
Such equipment may be operated at pressures of up to 
about 20,000 psi to generate the necessary shear stress. 
The homogenization process may be'employed in batch 
or continuous mode, depending on the degree of degra 
dation desired. 
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The undegraded ethylene-alpha-olefm, preferably 
ethylene-propylene, copolymers are degraded to a num 
ber-average molecular weight of from about l5,(X)0 to 
about 300,000, preferably from about 20,000 to about 
200,000, more preferably from about 20,000 to about 

' 150,000. 

GRAFI'ING MATERIALS 

The materials or compounds that are grafted on the 
degraded ethylene copolymers to form the grafted de 
graded ethylene copolymers of the instant invention are 
generally those materials that can be grafted onto said 
degraded ethylene copolymers to form the grafted de 
graded ethylene copolymers, which grafted degraded 
copolymers are then reacted with the polyamines con 
taining a single primary amine group and one or more 
tertiary amine groups to form the nitrogen containing 
grafted degraded ethylene-alpha-olefm copolymers, 
preferably ethylene-propylene copolymers, of the in 
stant invention. These materials preferably contain ole 
?nic unsaturation and further preferably contain at least 
one of carboxylic acid moiety, ester moiety, or anhy 
dride moiety. The olefinically unsaturated portion, i.e., 
ethylenically unsaturated portion, is one which is capa 
ble of reacting with the degraded ethylene copolymer 
backbone, and upon reaction therewith becomes satu 
rated. 
These materials are generally well known in the art as 

grafting materials for conventional polyole?ns such as 
ethylene-alpha-oleftn copolymers and are generally 
commercially available or may be readily prepared by 
well known conventional methods. 
The preferred grafting materials are the carboxylic 

acid materials. The carboxylic acid material which is 
grafted to or reacted with the degraded ethylene co 
polymer to form the grafted degraded ethylene copoly 
mer is preferably ethylenically unsaturated, preferably 
monounsaturated, carboxylic acid material and can be 
either a monocarboxylic or dicarboxylic acid material. 
The dicarboxylic acid materials include (I) monounsat 
urated C4 to C10 dicarboxylic acid wherein (a) the car 
boxyl groups are vicinyl, i.e., located on adjacent car 
bon atoms, and (b) at least one, preferably both, of said 
adjacent carbon atoms are part of said monounsatura~ 
tion; and (2) derivatives of (1) such as anhydrides or C1 
to C5 alcohol derived mono- or diesters of (1). Upon 
reaction with the ethylene copolymer the monounsatu 
ration of the dicarboxylic acid, anhydride, or ester be 
comes saturated. Thus, for example, maleic anhydride 
becomes an ethylene copolymer substituted succinic 
anhydride. 
The monocarboxylic acid materials include (l) mono 

unsaturated C3 to C10 monocarboxylic acid wherein the 
carbon-carbon bond is conjugated to the carboxy 
group, i.e., of the structure 

(2) derivatives of (1) such as C1 to C5 alcohol derived 
monoesters of (1). Upon reaction with the ethylene 
copolymer, the monounsaturation of the monounsatu 
rated carboxylic acid material becomes saturated. Thus, 
for example, acrylic acid becomes an ethylene copoly 
mer substituted propionic acid, and methacrylic acid 
becomes an ethylene copolymer substituted isobutyric 
acid. 
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Exemplary of such unsaturated mono- and dicarbox 

ylic acids, or anhydrides and thereof include fumaric 
acid, itaconic acid, maleic acid, maleic anhydride, chlo 
romaleic anhydride, acrylic acid, methacrylic acid, 
crotonic acid, cinnamic acid, methyl acrylate, ethyl 
acrylate, methyl methacrylate, etc. 

Preferred carboxylic acid materials are the dicarbox 
ylic acid anhydrides. Maleic anhydride or a derivative 
thereof is particularly preferred as it does not appear to 
homopolymerize appreciably but grafts onto the ethyl 
ene copolymer to give two carboxylic acid functionali 
ties. Such preferred materials have the generic formula 

wherein R’ and R" are independently hydrogen or a 
halogen. 

Additionally, as taught by US. Pat. Nos. 4,160,739 
and 4,161,452, both of which are incorporated herein by 
reference, various unsaturated comonomers may be 
grafted on the ethylene copolymer together with the 
unsaturated carboxylic acid material. Such graft mono 
mer systems may comprise one or a mixture of comono 
mers different from said unsaturated carboxylic acid 
material, and which contain only one copolymerizable 
double bond and are copolymerizable with said unsatu 
rated acid component. 

Typically, such comonomers do not contain free 
carboxylic acid groups and are esters containing alpha 
ethylenic unsaturation in the acid or alcohol portion; 
hydrocarbons, both aliphatic and aromatic, containing 
alpha-ethylenic unsaturation, such as the C4-C1; alpha 
olefms, for example hexane, nonene, dodecene, etc.; 
styrenes, for example styrene, alpha-methyl styrene, 
p-methyl styrene, butyl styrene, etc.; and vinyl mono 
mers, for example vinyl acetate, vinyl chloride, vinyl 
ketones such as methyl and ethyl vinyl ketone, and 
nitrogen containing vinyl monomer such as vinyl pyri 
dine and vinyl pyrrolidine, etc. comonomers containing 
functional groups which may cause crosslinking, gela 
tion or other interfering reactions should be avoided, 
although minor amounts of such comonomers (up to 
about 10% by weight of the comonomer system) often 
can be tolerated. 

Speci?c useful copolymerizable comonomers include 
the following: 

(A) Esters of saturated acids and unsaturated alcohols 
wherein the saturated acids may be monobasic or poly 
basic acids containing up to about 40 carbon atoms such 
as the following: acetic, propionic, butyric, valeric, 
caproic, stearic, oxalic, malonic, succinic, glutaric, 
adipic, pimelic, suberic, azelaic, sebacic, phthalic, iso 
phthalic, terephthalic, hemimellitic, trimellitic, trimesic 
and the like, including mixtures. The unsaturated alco 
hols may be monohydroxy or polyhydroxy alcohols 
and may contain up to about 40 carbon atoms, such as 
the following: allyl, methallyl, crotyl, l-chloroallyl, 
2-chloroallyl, cinnamyl, vinyl, methyl vinyl, l-phenal 
lyl, butenyl, propargyl, l-cyclohexene-3-ol, oleyl, and 
the like, including mixtures. 

(B) Esters of unsaturated monocarboxylic acids con 
taining up to about 12 carbon atoms such as acrylic, 
methacrylic and crotonic acid, and an esterifying agent 
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containing up to about 50 carbon atoms, selected from 
saturated alcohols and alcohol epoxides. The saturated 
alcohols may preferably contain up to about 40 carbon 
atoms and include monohydroxy compounds such as: 
methanol, ethanol, propanol, butanol, 2-ethylhexanol, 
octanol, dodecanol, cyclohexanol, cyclopentanol, neo 
pentyl alcohol, and benzyl alcohol; and alcohol ethers 
such as the mono-, methyl or monobutyl ethers of ethyl 
ene or propylene glycol, and the like, including mix 
tures. The alcohol epoxides include fatty alcohol epox 
ides, glycidol, and various derivatives of alkylene ox 
ides, epichlorohydrin, and the like, including mixtures. 
The components of the graft copolymerizable system 

are used in a ratio of unsaturated carboxylic acid mate 
rial monomer component to comonomer component of 15 
about 1:4 to 4:1, preferably about 12 to 2:1 by weight. 

GRAFFING OF THE ETHYLENE COPOLYMER 

Grafting of the degraded ethylene copolymer with 
the grafting material may be conducted by conventional 
grafting processes. The conventional grafting of the 
degraded ethylene copolymer with the grafting mate 
rial such as carboxylic acid material may be by any 
suitable and well-known conventional method such as 
thermally by the “ene” reaction, using copolymers con 
taining unsaturation such as ethylene-propylene-diene 
polymers either chlorinated or unchlorinated, or prefer 
ably it is by free-radical induced grafting in solvent, 
preferably in a mineral lubricating oil as solvent. 
The free-radical grafting is preferably carried out 

using free radical initiators such as peroxides, hydroper 
oxides, and azo compounds and preferably those which 
have a boiling point greater than about 100° C. and 
which decompose thermally within the grafting tem 
perature range to provide said free radicals. The initia 
tor is generally used at a level of between about 0.005% 
and about 1%, based on the total weight of the polymer 
solution, and temperatures of about 150° to 250° C., 
preferably from about 150° C. to about 220° C. are used. 
The ethylenically unsaturated carboxylic acid mate 

rial, such as maleic anhydride, will generally be used in 
an amount ranging from about 0.01% to about 10%, 
preferably 0.1 to 2.0%, based on weight of the initial 
total solution. The aforesaid carboxylic acid material 
and free radical initiator are generally used in a weight 
percent ratio range of 1.0:1 to 30:], preferably 3.0:] to 
6:1. 

In the practice of the instant invention when these 
ethylenically unsaturated grafting materials are grafted 
onto the aforedescribed degraded ethylene copolymer 
the resultant grafted degraded copolymer contains the 
residue of the degraded ethylene copolymer as the 
backbone and the residue of the ethylenically unsatu 
rated grafting material as the grafted moiety. By resi 
dues is meant the respective moieties produced by and 
remaining after the grafting process or reaction. Thus, 
for example, while the ethylenically unsaturated graft 
ing material may be maleic anhydride, after the grafting 
reaction it is the succinic anhydride moiety that is 
grafted or attached to the degraded ethylene copolymer 
backbone. Thus, this succinic anhydride moiety is re 
ferred to herein as the residue of the ethylenically unsat 
urated grafting material, i.e., residue of maleic anhy 
dride. 
A preferred method of grafting is by free-radical 

induced grafting in solvent, preferably in a mineral 
lubricating oil as solvent. The free-radical grafting is 
preferably carried out using free radical initiators such 
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as peroxides, hydroperoxides, and azo compounds and 
preferably those which have a boiling point greater than 
about 100° C. and which decompose thermally within 
the grafting temperature range to provide said free 
radicals. Representative of these free-radical initiators 
are asobutyro-nitrile, 2,5-di-methyl-hex-3-yne-2, 5 bis 
tertiary-butyl peroxide (sold as Lupersol 130) or its 
hexane analogue, di-tertiary butyl peroxide and dicumyl 
peroxide. The initiator is generally used at a_level of 
between about 0.005% and about 1%, based on the total 
weight of the polymer solution, and temperatures of 
about 150° to 220° C. 
The initiator grafting is preferably carried out in an 

inert atmosphere, such as that obtained by nitrogen 
blanketing. While the grafting can be carried out in the 
presence of air, the yield of the desired graft polymer is 
generally thereby decreased as compared to grafting 
under an inert atmosphere substantially free of oxygen. 
The grafting time will usually range from about 0.1 to 
12 hours, preferably from about 0.5 to 6 hours, more 
preferably 0.5 to 3 hours. The graft reaction will be 
usually carried out to at least approximately 4 times, 
preferably at least about 6 times the half-life of the free 
radical initiator at the reaction temperature employed, 
e.g. with 2,5-dimethyl hex-3-yne-2, 5-bis(t-butyl perox 
ide) 2 hours at 160° C. and one hour at 170° C., etc. 

In the grafting process, usually the copolymer solu 
tion is first heated to grafting temperature and thereaf 
ter said grafting material such as unsaturated carboxylic 
acid material and initiator are added with agitation, 
although they could have been added prior to heating. 
When the reaction is complete, the excess grafting ma 
terial can be eliminated by an inert gas purge, e.g. nitro 
gen sparging. Preferably the grafting material such as 
carboxylic acid material that is added is kept below its 
solubility limit in the polymer solution, e.g. below about 
1 wt. %, preferably below 0.4 wt. % or less, of free 
maleic anhydride based on the total weight of polymer 
solvent solution, e.g. ethylene copolymer mineral lubri 
cating oil solution. Continuous or periodic addition of 
the grafting material such as carboxylic acid material 
along with an appropriate portion of initiator, during 
the course of the reaction, can be utilized to maintain 
the grafting material such as carboxylic acid material 
below its solubility limits, while still obtaining the de 
sired degree of total grafting. 

In the initiator grafting step the maleic anhydride or 
other carboxylic acid material used will be grafted onto 

' both the degraded copolymer and the solvent for the 
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reaction. Many solvents such as dichlorobenzene are 
relatively inert and may be only slightly grafted, while 
mineral oil will tend to be more grafted. The exact split 
of graft between the substrate present depends upon the 
polymer and its reactivity, the reactivity and type of oil, 
the concentration of the polymer in the oil, and also 
upon the maintenance of the carboxylic acid material in 
solution during the course of the reaction and minimiz 
ing the presence of dispersed, but undissolved acid, e.g. 
the maleic anhydride. The undissolved acid material 
appears to have an increased tendency to react to form 
oil insoluble materials as opposed to dissolved acid 
material. The split between grafted oil and grafted poly 
mer may be measured empirically from the infrared 
analyses of the product dialyzed into oil and polymer 
fractions. 

The grafting is preferably carried out in a mineral 
lubricating oil which need not be removed after the 
grafting step but can be used as the solvent in the subse 
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quent reaction of the graft polymer with the polyamine 
containing one primary amine group and one or more 
tertiary amine groups and as a solvent for the end prod 
uct to form the lubricating additive concentrate. 
The amount of grafting material such as carboxylic 

acid material used in the grafting reaction is an amount 
which is effective to provide a grafted degraded ethyl 
ene copolymer which upon further reaction with the 
polyamine containing one primary amine group and at 
least one tertiary amine group as described hereinafter 
provides a material exhibiting the properties of a multi 
functional viscosity index improver additive, more spe 
ci?cally a viscosity index improver-dispersant additive, 
i.e., a material having both V.I. improving and disper 
sancy properties in an oleaginous composition. That is 
to say, an amount which is effective to provide, upon 
reaction of the grafted degraded ethylene copolymer 
with the polyamine, an oleaginous composition exhibit 
ing improved viscometric, particularly low temperature 
viscometric, and dispersancy properties. Generally, this 
amount of grafting material, e.g., moles of carboxylic 
acid material such as maleic anhydride, is an amount 
which is effective to provide a grafted degraded ethyl 
ene copolymer, e.g., ethylene-alpha-ole?n substituted 
carboxylic acid material such as ethylene- propylene 
substituted succinic anhydride, containing an average 
number of acid material moieties, e.g., succinic anhy 
dride, grafted to or present on a 10,000 number average 
molecular weight segment of a mole of degraded ethyl 
ene copolymer of at least about 01, preferably at least 
about 0.5, and more preferably at least about 1. The 
maximum average number of grafted moieties present 
per 10,000 average number molecular weight segment 
of a mole of degraded ethylene copolymer backbone 
should not exceed about 10, preferably about 7 and 
more preferably about 5. Preferably, the average num 
ber, moles, of grafted moieties present per mole of eth 
ylene copolymer backbone is at least about 0.6, prefera 
bly at least about 0.8, and more preferably at least about 
I. Preferably, the maximum average number of grafted 
moieties grafted to or present per mole of degraded 
ethylene copolymer backbone should generally not 
exceed about 10, preferably about 7, and more prefera 
bly about 5. Thus, for example, a mole of grafted de 
graded ethylene copolymer, e.g., ethylene-propylene 
substituted succinic anhydride, containing a degraded 
ethylene copolymer backbone such as a degraded ethy 
lene-propylene backbone having an average number 
molecular weight of 50,000 contains grafted to said 
backbone an average number of succinic anhydride 
moieties of from about 0.5 to about 50, preferably from 
about 0.6 to about 10. Typically, from about 0.2 to about 
12, preferably from about 0.4 to about 6 moles of said 
earboxylic acid material are charged to the reactor per 
mole of degraded ethylene copolymer charged. 

Normally, not all of the degraded ethylene copoly 
mer reacts with the carboxylic acid material, e.g., ma 
leic anhydride, to produce a grafted degraded ethylene 
copolymer, e.g., ethylene-propylene substituted suc 
cinic anhydride. The resultant reaction product mix 
ture, therefore, contains reacted or grafted ethylene 
copolymer, e.g., ethylene-propylene substituted suc 
cinic anhydride unreacted or ungrafted ethylene co 
polymer, and unreacted grafting material, e.g., maleic 
anhydride. The unreacted ethylene copolymer is typi 
cally not removed from the reaction product mixture, 
and the reaction product mixture, generally stripped of 
any unreacted grafting material, is utilized as is or is 
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employed for further reaction with the amine as de 
scribed hereinafter. 

Characterization of the average number of moles of 
grafting material such as carboxylic acid material, e.g., 
maleic anhydride, which have reacted per mole of de 
graded ethylene copolymer charged to the reaction 
(whether it has undergone reaction or not) is defined 
herein as the average number of grafted moieties 
grafted to or present per mole of ethylene copolymer 
the resulting reaction product mixture can be subse 
quently modi?ed, i.e., increased or decreased by tech 
niques known in the art, such modifications do not alter 
the average number of grafted moieties as de?ned 
above. The term grafted degraded ethylene copolymer 
is intended to refer to the reaction product mixture 
whether it has undergone such modi?cation or not. 
The grafted, preferably acid material grafted, de 

graded ethylene copolymer is reacted with the poly 
amine containing one primary amino group and at least 
one tertiary amino group to form the nitrogen contain 
ing grafted degraded ethylene copolymers of the instant 
invention. 

THE POLYAMINIES 

The amine reactants which are reacted with the 
grafted degraded ethylene copolymer to form the multi 
functional viscosity index improver of the instant inven 
tion are amine compounds containing only one primary 
amine group. These amine compounds contain, in addi 
tion to the single primary amine group, at least one 
tertiary amine group and no secondary amine groups. 
The mono-primary amine containing compounds of 

the present invention can broadly be represented by the 
formula R’—NH2 where R’ is an alkyl, a cycloalkyl, an 
aromatic, and combinations thereof, e. g., an alkyl substi 
tuted cycloalkyl. Furthermore, R’ can bean alkyl, an 
aromatic, a cycloalkyl group, or combination thereof 
containing one or more tertiary amine groups therein. 
R’ can also be an alkyl, a cycloalkyl, an aromatic group 
or combinations thereof containing one or more hetero 
atoms (for example oxygen, nitrogen, sulfur, etc.). R’ 
can further be an alkyl, a cycloalkyl, an aromatic, or 
combinations thereof containing sul?de or oxy linkages 
therein. 
The mono- primary amine containing compounds are 

those that, in addition to the single primary amine 
group, contain at least one tertiary amine group and no 
secondary amine groups, i.e., R’ contains at least one 
tertiary amine group. These types of primary amine 
containing compounds may be referred to as poly 
amines. 
These types of polyamines are well known in the art 

and some of said polyamines are disclosed, inter alia, in 
US. Pat. Nos. 3,239,658; 3,449,250 and 4,171,273, all of 
which are incorporated herein by reference. 
These polyamines include those represented by the 

general formulae: 

Hus-(R3), Ila-(R6). R’. and 
R1 I 
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—continued 
(III) 

Generally R’ contains from 1 to 50 carbon atoms, e.g., 
an alkyl containing from 1 to 50 carbon atoms, a cyclo 
alkyl containing from 5 to about 12 ring carbon atoms, 
and an aromatic radical such as aryl, aralkyl or alkaryl 
containing from 6 to about 12 ring carbon atoms. 
wherein: 
p is zero or one; 
s is zero or one; 
tis l to about 10; 
R1 and R2 are independently selected from alkyl radi 

cals, either straight chain or branched, containing 
from 1 to about 6 carbon atoms and cycloalkyl 
radicals containing from 4 to about 8 ring carbon 
atoms; 

R3 and R6 are independently selected from unsubsti 
tuted or C1-C6 alkyl substituted alkylene radicals hav 
ing from 1 to about 6 carbon atoms; 
R4 and R5 are independently selected from unsubsti 

tuted, C1-C6 alkyl substituted, or Y substituted alkylene 
radicals containing from I to about 6 carbon atoms, or 
from unsubstituted, C1-C6 alkyl substituted, or Y substi 
tuted alkenylene radicals containing from 2 to about 6 
carbon atoms; 
R7 is hydrogen, alkyl radical containing from 1 to 

about 6 carbons, 

R1 

or -N , 

with the proviso that if a s is zero then R7 is not 
hydrogen; 

X1 and X2 are independently selected from --O—, 
-—S—, >NR1, >R3, —NY, or CHY radicals; and 

with the proviso that the identities of groups X1, X2, 
R4 and R5 are selected to provide only one primary 
amine group and at least one tertiary amine per 
molecule of structural Formula III, i.e., the mole 
cule of structural formula III contains one and only 
one Y group. 

In compounds of Formula II! it is generally preferred 
that R4 and R5 are alkylene rather than alkenylene radi 
cals. 
Some illustrative non-limiting examples of the mono 

pn'mary amine containing compounds include: N,N 
dirnethyl-1,2-etliylenediamine; N-methyl-N-ethyl- l ,2 
propylenediamine; N,N-dimethyl-l,3-propylenedia 
mine; N,N-diethyl-l,3-propylenediamine; N,N-dipro 
pyl-1,3-propylenediamine; N,N-diisopropyl- l ,3 
propylenediamine; N,N-dibutyl-1,3-propylenediamine; 
N,N-diisobutyl-l,3-propylenediamine; N,N-(di-t-butyl) 
1,3-propylenediamine; N,N-dimethyl-N'-ethyl-1,3 
propylenediamine; N,N-dimethyl-N'-butyl1,3 
propylenediamine; N,N-dimethyl-1,2-isopropylenedia 
mine; N,N-dimethyl-l,4‘butylenediamine; N,N-diethyl 
2,3-butylenediamine; N,N-dimethyl-1,3-isobutylenedia 
mine;' N,N-dimethyl-l,3-butylenediamine; N,N-dimeth 
yl- l ,3-t-butylenediamine; N,N-dicyclohexyl-l,3 
propylenediamine; N,N-dicyclohexyl-1,2-ethylenedia 
mine, Z-aminopyridine, aminopyrazine, N-(3-aminopro 
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pyl) morpholine, N-(3-aminopropyl) imidazole and N 
(2-aminoethyl)pyrrolidine, N,N-dimethylhydrazine, 
methylamine, ethylamine, butylamine, 2—methyoxye 
thylamine, 3-alkoxypropylamines wherein the alkoxy 
group contains from 1 to 18 carbon atoms, usually an 
alkoxy group having from 1 to 8 carbon atoms and has 
the formula R"-—O—CH1CH2C—H2—NH2, such as 
3-methoxypropylamine, 3-isobutyoxypropylamine and 
3-(alkoxypoly, ethoxy)-propylamines having the for 
mula R"O(CH2C—H2O)x--CH1CH2CHzNI-l2 wherein 
the alkoxy group is as immediately set forth above and 
where x is l to 50, 4,7-dioxaoctylamine, N-(3-amino 
propyl)-Nl-methylpiperazine, N-(2-aminoethyl)pipera 
zine, (2-aminoethyl)-pytidines, aminopyridines, 2 
aminomethylpyridines, Z-aminomethylfuran, 3-amino 
2-oxotetrahydrofuran, Z-aminomethypyrrolidine, l 
methyl-Z-aminomethylpyrrolidine, l-aminopyrrolidine, 
l-(3—aminopropyl)-2-methypiperidine, 4-aminomethyl 
piperidine, N-(2-aminoethyl)morpholine, i-ethyl-3 
aminopiperidine, l-aminopiperidine, N-aminomorpho 
line, and the like. 

It is to be understood that only one amine compound 
can be reacted with the grafted degraded ethylene co 
polymer or a mixture of two or more different amine 
compounds can be utilized. 

REACTION OF GRAFTED DEGRADED 
ETHYLENE COPOLYMER WITH POLYAMINE 

The grafted degraded ethylene copolymer, prefera 
bly in solution, such as an oil solution, containing 5 to 95 
wt. %, preferably 5 to 30 wt. %, and more preferably 10 
to 20 wt. % of said grafted degraded ethylene copoly 
mer, is readily reacted by introducing the polyamine 
containing one primary amine group and one or more 
tertiary amine groups into said grafted degraded ethyl 
ene copolymer containing solution and heating at a 
temperature of from about 100° C. to 250° C., preferably 
from 125° to 175° C., for from about 1 to 10 hours, 
usually about 2 to about 6 hours. The heating is prefera 
bly carried out, in the case of degraded ethylene co 
polymer substituted dicarboxylic acid material, to favor 
formation of imides rather than amides and salts. In the 
case of degraded ethylene copolymer substituted mono 
carboxylic acid material heating is preferably carried 
out to favor formation of amides rather than salts. Re 
moval of water assures completion of the imidation/ 
amidation reaction. Reaction ratios can vary considera 
bly, depending upon the reactants, amounts of excess, 
type of bonds formed, etc. Generally, from about 1 to 5, 
preferably from about 1.5 to 3 moles of degraded ethyl 
ene copolymer substituted monocarboxylic or dicarbox 
ylic acid moiety content, e.g., grafted succinic anhy 
dride content, is used per equivalent of polyamine reac 
tant, e.g., amine. 

Preferably, the degraded ethylene copolymer substi 
tuted mono- or dicarboxylic acid material and poly 
amine will be contacted for a time and under conditions 
suf?cient to react substantially all of the primary nitro 
gens in the polyamine reactant. The progress of this 
reaction can be followed by infra-red analysis. 

This reaction can be conducted in a polar or non 
polar solvent, e.g., xylene, toluene, benzene, and the 
like, and is preferably conducted in the presence of a 
mineral or synthetic lubricating oil. 

Further aspects of the present invention reside in the 
formation of metal complexes and other post-treatment 
derivatives, e.g., borated derivatives, of the nitrogen 
















